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PREFACE TO THE SECOND EDITION

It has been almost ten years since the first edition of Obstetric
Anesthesia and Uncommon Disorders was published. Over the
past few years colleagues have asked the editors when they
could expect to see a new edition. We had some hesitation, not
least of which was because we felt that many practioners could
find most of this information for themselves using the internet or
subspecialty journals. Upon reflection, we recognized that there
is no substitute for a textbook that contains information gathered
and carefully reviewed by a number of devoted specialists. Hence,
spurred on by those requests for a second edition it was decided
to create a revision that provides more recent references and
reflects some of the changes in obstetric anesthesia practice
that have occurred over the past ten years. With the assistance
of a third editor, Robert S. F. McKay, we recruited some outstand-
ing new contributors from around the world and created a second
edition that we trust the reader will find useful. We have contin-
ued to use chapters based on body systems and diseases. We have
consolidated some chapters, split others, and added two new
chapters, namely ‘Chronic pain in pregnancy’ and ‘Malignancy
and pregnancy’. There are now 23 chapters each illustrated with
figures, tables, and photographs, and each chapter is accompa-
nied by a comprehensive list of updated references.

We thank our new publishers, Cambridge University Press, for
giving us the opportunity to produce this revision, and we would
like to thank each and every contributor for their hard work and
commitment to this project.

Finally, we want to thank our families for their patience while
we spent hours, too numerous to count, fine tuning each chapter.

This book is dedicated to my wife Kimberley and children
Carwyn, Jake, and Samantha. David R. Gambling

This book is dedicated to my family: my mother, Bill, Matthew,
Sheila, Erin, and Mark, who fill my life with joy.
M. Joanne Douglas

We dedicate this book to the many anesthesiologists who work
long hours to provide safe care to mothers and babies, and to their
families who make the sacrifices that allow their loved one to
provide this care. Thank you Susan, Lindsey, and Katie.

Robert S. F. McKay

To the memory of Dr Clive Meintjies a wonderful friend, mentor
and doctor.






SECTION 1: CARDIOVASCULAR AND RESPIRATORY DISORDERS
STRUCTURAL HEART DISEASE IN PREGNANT WOMEN

Brendan Carvalho and Ethan Jackson

Introduction

This chapter will outline the physiological changes, hemodynamic
goals, management, and anesthetic options with regards to patients
with acquired or congenital structural heart disease during preg-
nancy, labor, and delivery. There is no consensus as to the optimal
anesthetic technique for the conditions being discussed. General
and regional anesthesia can have significant cardiovascular effects
on a parturient with cardiac disease. In addition, many pharmaco-
logical agents commonly used in anesthetic and obstetric practice
can have adverse hemodynamic effects (Table 1.1).

Due to the nature and the rarity of the cardiac diseases discussed,
there is a lack of randomized controlled studies to guide our
practice. As a result, case reports and expert opinion will form the
basis of discussing the anesthetic techniques. However, management
options and anesthetic techniques must be individualized and
based on the prevailing hemodynamic condition and obstetric needs.

Scope of the problem

An estimated 0.2-3.0% of pregnant patients have cardiac disease,’
an increasing cause of maternal mortality.”” The 20002 Confidential
Enquiries into Maternal Deaths in the United Kingdom reported that
cardiac disease was the second most common nonobstetric cause
of maternal death after psychiatric disease.” Cardiac disease is
also more common than the leading direct causes of maternal
death.”” The maternal mortality rate ranges from 0.4% in New
York Heart Association (NYHA) class I-II women to 6.8% in class
[II-1V (Tables 1.2 and 1.3). Despite a dramatic decline over the last
few decades in the incidence of rheumatic heart disease among
women of childbearing age in the developed world, more women
with partially or fully corrected congenital heart disease (CHD)
are surviving to reproductive age because of improved surgical
techniques and advances in medical management.”’

The principal danger for a pregnant woman with a heart lesion
is cardiac decompensation because of the inability to meet the
additional demands imposed by the physiological changes of preg-
nancy and parturition. In addition, infection, hemorrhage, and
thromboembolism can compound the risk. Maternal and neonatal
outcomes can both be improved by meticulous peripartum care.
However, some women with serious cardiac disease may still suffer
significant morbidity and mortality despite optimal medical care.””

Physiology of pregnancy

A comparison between normal cardiopulmonary parameters in
the pregnant and nonpregnant states is shown in Table 1.4.

Pregnancy exerts a progressive cardiovascular stress that peaks
at approximately 28-32 weeks of gestation.” Cardiac output (CO)
starts to increase by the tenth week of gestation and continues to
rise to a peak of 30-50% above baseline by 32 weeks’ gestation.
The increase in CO is due to increased stroke volume (SV) — up to
30% above baseline — in the first half of pregnancy. This is in
contrast to the latter half of pregnancy when CO is maintained
by an increase in heart rate (HR) — up to 15% above baseline — in
addition to the increased SV. Plasma volume increases by 40-50%
from prepregnant levels. This raised plasma volume exceeds the
increase in red blood cells resulting in a relative anemia that may
compromise oxygen delivery. Blood pressure (BP) usually falls
during pregnancy due to progesterone-induced vasodilatation
and the low resistance placental bed. Pulse pressure widens due
to a greater reduction in diastolic BP compared to systolic BP.

Hyperventilation associated with pregnancy results from the
respiratory stimulating effects of progesterone and leads to hypo-
carbia (PaCO; 27-34 mmHg) and a mild respiratory alkalosis (pH
of 7.40-7.45).

Labor pain, periodic changes in venous return due to uterine
contractions, and maternal expulsive efforts increase CO approxi-
mately 45% above prelabor levels. These physiological stresses
can be minimized by good analgesia and anesthesia, careful fluid
and hemodynamic management, as well as careful positioning to
avoid aortocaval compression.'’

Further increases in preload occur after delivery due to auto-
transfusion from the contracting uterus and relief of aortocaval
compression.'' These fluid shifts cause further stress on an
already potentially compromised cardiac lesion. Postpartum nor-
malization of systemic vascular resistance (SVR) and loss of the
low resistance placental bed increases afterload. Careful fluid and
hemodynamic monitoring for days to weeks postpartum are
essential to minimize potential problems in this crucial period.

Symptoms and signs of normal pregnancy
and heart disease

Easy fatigability, dyspnea, and orthopnea of normal pregnancy
may simulate heart disease. Orthopnea is more common in obese
women and may be due to limitation of diaphragmatic motion.
Chest pain during pregnancy is most often due to hiatal hernia,
esophageal reflux, or distension of the ribcage. Tachycardia is
normal in pregnancy, as are premature atrial and ventricular
depolarizations. Orthostatic syncope may occur with sudden
assumption of the upright position. Syncope occurring in later
pregnancy is usually due to supine hypotension secondary to
inferior vena caval compression.

Obstetric Anesthesia and Uncommon Disorders, eds. David R. Gambling, M. Joanne Douglas and Robert S. F. McKay. Published by Cambridge University Press.

© Cambridge University Press 2008.



1 Cardiovascular and respiratory disorders

Table 1.1 Cardiovascular effects of commonly used anesthetic and obstetric drugs

Cardiac Myocardial
Heart rate Blood pressure SVR output contractility Venodilation
Etomidate > <> or | & or | > > «
Ketamine i T 1Tor« 1 14 P
Thiopental 1 1l oto1? ! ! 1
Propofol Tor e i} i —to | l il
Succinylcholine < to | with <to] < to] “ ~ < to ]
repeat doses
Atracurium < or < to | > > > —to]
Pancuronium T T —to] T T —
Rocuronium < or] > “ “ © >
Vecuronium © “ © © © ©
Fentanyl l —to | “ > > —
Meperidine < or l l l l T
Morphine &or | i} l l l T
Halothane ©or ] 1 l ©or | N 1
Isoflurane " l ) oor ] ! 1
Sevoflurane T ! l <or|? l ~
Nitrous oxide <~or] <>or <~ or lor{ <~ <>or]
Lidocaine — > — T T 1 if used for regional
anesthesia
Lidocaine toxicity 1 i} 1 l l il
Midazolam <orl <or | <~ < or | “
Ergometrine T 7 T T 1 1
Oxytocin <or —to] < to | > > —to]
(<100)
| (>10U
bolus dose)
Magnesium sulfate <> or| 1 1 > > il
Nitroglycerin > 1l > to ] | > 1
Terbutaline 1 —to | < to | 1 —to ] T

The response is represented by a five-point scale from a marked increase (11) to marked decrease (| |), <> is no effect, { is a slight increase, | is a slight

decrease.
“Secondary effect from endogenous catecholamine release
Y May decrease due to histamine release

There are various caveats in the interpretation of these data. Some values are derived from animal studies, some from human volunteers, and some

from patients. Values may vary depending on whether a patient is mechanically ventilated or breathing spontaneously. In addition, the hemodynamic

effects of these agents may change in the presence of other anesthetic agents. Finally, the hemodynamic response may be different in patients who are

hypovolemic, have sympathetic overactivity, or a sympathectomy. The values and ranges indicated in this table are the authors’ opinion of the most

likely clinical response for most patients and have been taken in part from the following texts:

Bowdle, T.A., Horita, A. & Kharasch, E.D. (eds). The Pharmacologic Basis of Anesthesiology: Basic Science and Practical Applications. New York:
Churchill Livingstone, 1994 and Notris, M. C. (ed). Obstetric Anesthesia. Philadelphia: J. B. Lippincott, 1993.

Some cardiovascular findings on physical examination may
be confusing. Peripheral edema occurs in 60-80% of pregnant
individuals, and is attributed to hemodilution, a fall in plasma
oncotic pressure, and an increase in capillary pressure secondary
to raised venous pressure in the legs. However, this is not asso-
ciated with hepatomegaly. Rales are likely the result of upward
displacement of the diaphragm. Prominent peripheral and neck
veins are related to the hypervolemia of pregnancy and the
vasodilatory effects of progesterone. However, mean right atrial

pressure is not elevated and the hepatojugular reflex is not posi-
tive. Pseudo-cardiomegaly is related to displacement of the apex
by the gravid uterus. There is often a third heart sound due to
volume loading and right ventricular outflow tract murmurs
are common.

Certain symptoms and signs suggest the presence of heart
disease. A careful history and physical examination will allow
these to be differentiated beyond the symptoms and signs of
normal pregnancy. Symptoms suggestive of heart disease



Chapter 1

Table 1.2 New York Heart Association (NYHA) functional capacity and objective assessment?

Functional capacity Objective assessment

Class L. Patients with cardiac disease but without limitation of physical activity. No objective evidence of cardiovascular disease.
Ordinary physical activity does not cause fatigue, palpitations, dyspnea, or angina.

Class II. Patients with cardiac disease resulting in slight limitation of physical Objective evidence of minimal cardiovascular disease.
activity. They are comfortable at rest. Ordinary physical activity results in fatigue,
palpitation, dyspnea, or angina.

Class III. Patients with cardiac disease resulting in marked limitation of physical Objective evidence of moderately severe cardiovascular
activity. They are comfortable at rest. Less than ordinary activity causes fatigue, disease.
palpitation, dyspnea, or angina.

Class IV. Patients with cardiac disease resulting in inability to carry on any physical Objective evidence of severe cardiovascular disease.
activity without discomfort. Symptoms of heart failure or angina may be present
even at rest. If any physical activity is undertaken, discomfort is increased.

“ AHA medical/scientific statement: 1994 revisions to classifications of functional capacity and objective assessment of patients with diseases of the
heart. Circulation 1994; 90: 644.

Table 1.3 Maternal mortality associated with heart disease in

Table 1.4 Normal hemodynamic and ventilatory parameters

pregnancy

in the nonpregnant and pregnant patient

Group 1: Mortality <1% Percentage
Atrial septal defect Nonpregnant Pregnant change
Ventricular septal defect . .

. Cardiac output (1/min) 43+0.9 6.2+1.0 +45%
Patent ductus arteriosus .
X L Heart rate (beats/min) 71+£10 83+10 +17%
Pulmonary/tricuspid disease .
Systemic vascular 1530 £ 520 1210 £ 226 —21%
Tetralogy of Fallot, corrected .
resistance

Bioprosthetic valve

) ) (dyne.sec.cm™)
Mitral stenosis, NYHA class I and IT

Pulmonary vascular 119447 78 +£22 —34%

Group 2: Mortality 5-15% resistance

2A  Mitral stenosis NYHA class ITII-IV (dyne.sec.cm~®)

Aortic stenosis

Mean arterial pressure 86+8 90+ 6 NSC
Coarctation of aorta, without valvular involvement (mmHg)
Uncorrected Tetralogy of Fallot Pulmonary capillary 6.3+2.1 75+1.8 NSC
Previous myocardial infarction wedge pressure
Marfan syndrome with normal aorta (mmHg)
2B Mitral stenosis with atrial fibrillation Ol CEiaus 37426 36425 NSC

Artificial valve pressure (mmHg)

Group 3: Mortality 25-50%

. . ; NSC = no significant change.
Primary pulmonary hypertension or Eisenmenger syndrome

Adapted from: Clark, S.L., Cotton, D.B., Lee, W. et al. Central
hemodynamic assessment of normal term pregnancy. Am. J. Obstet.
Gynecol. 1989; 161: 1439-4.

Coarctation of aorta, with valvular involvement
Marfan syndrome with aortic involvement

Adapted from: Foley, M. R.: Cardiac disease. In Dildy, G.A., Belfort,
M. A, Saade, G.R., Phelan, J.P., Hankins, G.D. & Clark, S.L. (eds.),

Critical Care Obstetrics, 4th edn. Malden: Blackwell Science, 2004, General management principles of pregnant
pp. 252-74, women with heart disease
1. Take a detailed history and follow up patients regularly during

include severe or progressive dyspnea, progressive orthopnea, pregnancy
paroxysmal nocturnal dyspnea, hemoptysis, syncope with Patients with significant heart disease are usually diagnosed
exertion, and chest pain related to effort or emotion. Physical prior to pregnancy and may develop worsening of symptoms
findings strongly suggesting the presence of heart disease during their pregnancy. However, some cardiac lesions asso-
include cyanosis, clubbing, persistent neck-vein distension, ciated with few symptoms in the nonpregnant state may
palpable murmurs, diastolic murmurs, dysrhythmias, and true become symptomatic for the first time in mid to late pregnancy.
cardiomegaly. The hemodynamic changes that occur in pregnancy represent a



1 Cardiovascular and respiratory disorders

significant stress test. Most women with cardiac disease who
remain asymptomatic throughout pregnancy usually tolerate
labor and delivery. Conversely, women who are breathless at
rest (NYHA IV) and groups 2 and 3 listed in Table 1.3, usually
tolerate pregnancy poorly. Functional class NYHA III-IV patients
with surgically correctable lesions should be assessed for correct-
ive surgery before pregnancy.

. Understand the physiological changes of pregnancy
It is essential to understand the impact of physiological
changes of pregnancy on the specific heart lesion in order to
properly manage these patients.'”

. Multidisciplinary team approach
Pregnant women with significant or complex heart disease
should be managed by a team in a specialist center."” This
team should include representatives from obstetrics and peri-
natology, anesthesiology, neonatology, cardiology, intensive
care, nursing, and social work. Patients should be seen regu-
larly throughout their pregnancy and a management plan
should be formulated early in pregnancy before the onset of
labor. High-risk women should be managed by senior anesthe-
siologists experienced in treating pregnant patients with cardiac
lesions. Pediatric involvement is important, as there is a 5-15%
chance that the fetus will be affected by the same cardiac
defect.'* In addition, the fetus may be compromised by the
mother’s cardiopulmonary insufficiency.'” In-utero echocar-
diography at 18 weeks’ gestation can detect most fetal cardiac
defects.'®'” Avoidance of pregnancy, or consideration of an
early therapeutic termination, in women with very high-risk
cardiac disease (e.g., pulmonary hypertension) is prudent.

. Infective endocarditis antibiotic prophylaxis
Although the risk of bacteremia following normal delivery
is low (0-5%),'” appropriate antibiotic coverage should be
provided for high-risk patients (especially those with prosthe-
tic valves or a history of endocarditis) prior to labor, delivery, or
other surgical procedures (Tables 1.5 and 1.6).""

5. Anticoagulation during pregnancy and peripartum

Pregnancy is a hypercoagulable state, which increases the risk of

thromboembolic events, especially in the cardiac patient with a

prosthetic heart valve, valvular heart disease, or heart failure.’

Anticoagulant therapy should be considered in these high-risk

patients to prevent thromboembolism or thrombus formation.

Warfarin: The use of oral anticoagulants during pregnancy is
relatively contraindicated. Warfarin therapy in the first trimester
is associated with an increased incidence of fetal death and birth
defects (“warfarin embryopathy”). Warfarin use later in preg-
nancy is associated with prematurity and low birthweight, as
well as neonatal cerebral hemorrhage.'”*” Despite these risks,
warfarin is sometimes administered in combination with low
dose aspirin (80-100 mg/day) to patients with mechanical valves
because of concerns about the efficacy of heparin in preventing
systemic embolism.”"** Warfarin can be used in the postpartum
period and appears safe in women who breast-feed.”

Heparin: Heparin, unfractionated (standard, UFH) or low
molecular weight (LMWH), is the drug of choice during preg-
nancy because it is a large molecule that does not cross the

Table 1.5 Endocarditis prophylaxis risk stratification

High-risk category (endocarditis prophylaxis recommended)

Prosthetic cardiac valves, including bioprosthetic and homograft valves

Previous bacterial endocarditis

Complex cyanotic congenital heart disease (e.g. single ventricle states,
transposition of the great arteries, Tetralogy of Fallot)

Surgically constructed systemic pulmonary shunts or conduits

Moderate-risk category (endocarditis prophylaxis recommended)

Most other congenital cardiac malformations (other than those above
and below)

Acquired valve dysfunction (e.g. rheumatic heart disease)

Hypertrophic cardiomyopathy

Mitral valve prolapse with mitral regurgitation + thickened leaflets

Negligible-risk category (no greater risk than the general population
and endocarditis prophylaxis not recommended)

Isolated secundum atrial septal defect

Surgical repair of atrial septal defect, ventricular septal defect, or
patent ductus arteriosus (without residua beyond 6 months)

Previous coronary artery bypass graft surgery

Mitral valve prolapse without mitral regurgitation

Physiologic, functional, or innocent heart murmurs

Previous Kawasaki disease without valve dysfunction

Previous rheumatic fever without valve dysfunction

Cardiac pacemakers (intravascular and epicardial) and implanted
defibrillators

From: Dajani, A.S., Taubert, K. A., Wilson, W. et al. Prevention of
bacterial endocarditis. Recommendations by the American Heart
Association. Circulation 1997; 96: 358-66.

placenta and appears safe in women who breast-feed. Heparin
is used to prevent and treat thromboembolism. For UFH, the
activated partial thromboplastin time (aPTT) should be mon-
itored because heparin requirements increase as pregnancy
progresses. Platelet count should be measured before neuraxial
blocks in patients on UFH for more than 4 days because of the
risk of heparin-induced thrombocytopenia.” For LMWH,
monitoring of aPTT or anti-Xa level is not predictive of the
risk of bleeding and is therefore not always necessary or recom-
mended.”” Low molecular weight heparin offers potential
advantages over UFH including lack of need for laboratory
monitoring, greater bioavailability, once-a-day dosing because
of its long half-life, and less thrombocytopenia and osteoporo-
sis. Its efficacy in preventing and treating thromboembolism
(as well as the above mentioned advantages) are leading to the
widespread use of LMWH in obstetrics.

Thrombolytics: Streptokinase and urokinase are relatively con-

traindicated in pregnancy because of reports of placental abrup-
tion and postpartum hemorrhage.”” Streptokinase has been used
successfully to treat prosthetic mitral valve thrombosis during
pregnancy.”® The thrombosis was confirmed by echocardio-
graphy and fluoroscopy at 28 weeks’ gestation in a woman with
a history of progressive exertional dyspnea. Valve function

returned to normal within 18 hours of commencing treatment.
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Table 1.6 Adult antibiotic prophylaxis for genitourinary/gastrointestinal procedures

Situation“ Agents Regimen”
High-risk patients Ampicillin plus Ampicillin 2.0 g i.m. or i.v. plus gentamicin 1.5 mg/kg (not to exceed 120 mg) within
gentamicin 30 min of starting procedure; 6 h later, ampicillin 1 gi.m./i.v. or amoxicillin 1 g orally

High-risk patients allergic
to ampicillin/amoxicillin
Moderate-risk patients

Moderate-risk patients
allergic to ampicillin/
amoxicillin

Vancomycin plus
gentamicin
Amoxicillin or ampicillin

Vancomycin

of starting procedure

procedure

Vancomycin 1.0 g i.v. over 1-2 h plus gentamicin 1.5 mg/kg i.v./i.m. (not to exceed
120 mg); complete injection/infusion within 30 min of starting procedure
Amoxicillin 2.0 g orally 1 h before procedure, or ampicillin 2.0 g i.m./i.v. within 30 min

Vancomycin 1.0 g i.v. over 1-2 h; complete infusion within 30 min of starting

i.m. = intramuscular; i.v. = intravenous

“Endocarditis prophylaxis not recommended for routine C/S and prophylaxis is optional for high-risk patients undergoing vaginal delivery.

’No second dose of vancomycin or gentamicin is recommended.

From: Dajani, A.S., Taubert, K. A., Wilson, W. et al. Prevention of bacterial endocarditis. Recommendations by the American Heart Association.

Circulation 1997; 96: 358-66.

Table 1.7 ASRA guidelines for regional anesthesia in the anticoagulated patient?

Anticoagulant/thrombolytic

Neuraxial placement considerations

After placement / epidural catheter removal

Low dose LMWH? (e.g. enoxaparin
0.5 mg/kg/day, dalteparin 120 U/kg
q12h)

High dose LMWH "¢ (e.g. enoxaparin
1mg/kg q 12h)

Heparin IV4/

Prophylactic heparin SC# ¢/
Warfarin

Aspirin and NSAIDs

Platelet inhibitors (e.g. ticlopidine,
clopidogrel, GP IIb/IIIa)

Thrombolytics (e.g. streptokinase)

10-12 hours after the last LMWH dose.

No sooner than 24 hours.

1 hour before any subsequent heparin
administration or 2-4 hours after the last
heparin dose.

None.

Discontinue 4-5 days prior; INR <1.5 before
considering regional anesthesia.

No special dosing or timing considerations.

14 days for ticlopidine.

7 days for clopidogrel. Platelet GP IIb/Illa
inhibitors: eptifibatide and tirofiban (8 h)
to abciximab (48 h).

Avoid except in highly unusual circumstances.

After placement: first dose 6-8 hours; second dose no
sooner than 24 hours after the first dose.

After removal: minimum of 2 hours.

After placement: no sooner than 24 hours. Indwelling
catheters should be removed prior to starting
LMWH.

After removal: minimum of 2 hours.

1 hour.

None.

Neuraxial catheters should be removed when INR
<1.5.

No special dosing or timing considerations.

14 days for ticlopidine.

7 days for clopidogrel. Platelet GP IIb/Illa inhibitors:
eptifibatide and tirofiban (8 h) to abciximab (48 h).

Avoid except in highly unusual circumstances.

“Adapted from the ASRA 2002 published guidelines: Horlocker, T. T., Wedel, D.J., Benzon, H. et al. Regional anesthesia in the anticoagulated patient:
defining the risks (the second ASRA Consensus Conference on Neuraxial Anesthesia and Anticoagulation). Reg. Anesth. Pain Med. 2003; 28: 172-97.
b MWH therapy should be delayed for 24 hours if the presence of blood during needle and catheter placement occurs.

“Higher doses may require more caution.

4Tt may be prudent to confirm that partial thromboplastin time (PTT) is within normal range prior to removal.

¢The risk of neuraxial bleeding may be reduced by delaying the heparin injection until after the block, and may be increased in debilitated patients or
after prolonged therapy.

/Due to heparin-induced thrombocytopenia, patients receiving heparin >4 days should have a platelet count prior to neuraxial block.

Anesthetic considerations: Many women with cardiac disease
will be treated with anticoagulants to avoid thromboembolism.

The American Society of Regional Anesthesiology (ASRA) guide-
lines should be considered when performing any regional
anesthetic on a patient taking anticoagulants (Table 1.7).”* The
patient’s coagulation status should be optimized and level of

The decision to perform neuraxial anesthesia in a patient receiv-
ing thromboprophylaxis should be made on an individual basis.
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anticoagulation carefully monitored before spinal or epidural
placement and at epidural catheter removal. In patients who
have received neuraxial blocks, postprocedure neurological
monitoring needs to be carried out at regular intervals (<2 hours
between neurologic checks). The epidural infusion should be
limited to dilute local anesthetics that minimize sensory and
motor block to aid neurological assessment.”

6. Uterotonic agents

Care should be exercised when administering oxytocin to

patients with cardiac disease since a large bolus can cause

hypotension and tachycardia and has been shown to cause
increases in cardiac stress.”” A slow infusion of a dilute oxyto-
cin solution is usually well tolerated. Other uterotonic agents
such as ergometrine can induce systemic hypertension and
coronary vasoconstriction. Prostaglandin F2-alpha has the
potential to cause severe pulmonary hypertension if large
doses are injected directly into the circulation.””

7. Peripartum monitoring

The level of monitoring, beyond standard American Society of

Anesthesiology guidelines, should be appropriate for the sever-

ity of the cardiac lesion and the planned obstetric or anesthetic

intervention. Invasive monitoring is advised in symptomatic
patients with known cardiac defects. Monitoring of radial artery
pressure + central venous pressure (CVP) + pulmonary artery
catheter + transesophageal echocardiography (TEE) allows pre-
cise, continuous measurement of hemodynamic variables and
guides appropriate use of fluid and drug therapy. When the
pathophysiology of critically ill obstetric patients cannot be
explained by noninvasive hemodynamic monitoring and the
patient fails to respond to conservative medical management,
invasive hemodynamic monitoring may be helpful in guiding
further management.”’ The benefits of additional hemody-
namic data provided by invasive monitoring should be weighed
against the risks associated with invasive line insertion.”"'

8. Basic hemodynamic goals

Although care must be individualized to the cardiac lesion and

patient condition, basic maintenance of hemodynamic goals

are applicable to most cases.

e Avoid sudden alterations in HR and maintain normal sinus
rhythm.

e Maintain preload and minimize sudden increases or decreases
in central blood volume. Pregnant patients with cardiac disease
are at increased risk of developing pulmonary edema.

e Avoid sudden decreases in afterload and SVR. Decreases in
SVR are compensated for by increasing HR, which can lead
to worsening cardiac function.

9. Vaginal versus cesarean delivery

There are advantages and disadvantages of both vaginal and

cesarean section (C/S) with no convincing evidence that either

option is clearly superior (Table 1.8).”* The delivery plan
should be individualized according to the woman’s condition.

Vaginal delivery may be preferable if obstetrically indicated,

however, limits to the duration should be discussed and pre-

parations for a potential C/S considered. Assisted delivery is
recommended to avoid prolonged pushing, a rapid expulsive

Table 1.8 Hemodynamic advantages and disadvantages of

vaginal birth and elective cesarean section

Vaginal birth Cesarean section
Advantages Minimize blood loss Predictable and planned

Minimize surgical stress Timed delivery

Quicker recovery All personnel

Hemodynamic stability immediately available
Disadvantages Unpredictable timing Increased surgical stress

Potentially prolonged Higher blood loss

Painful and stressful Longer recovery
Potentially “after-hours” Higher potential
postoperative

complications

phase and Valsalva maneuvers. Although induction of labor in
pregnant patients with cardiac disease is safe,”” there are
higher maternal and neonatal complications compared to
healthy controls.
10. The critical postpartum period

The immediate postpartum period is critical, especially if pul-
monary hypertension is present. Most fatalities occur in the
first week after delivery, but others occur as late as three to
four weeks postpartum. For this reason invasive monitoring
should not be discontinued immediately after delivery, and full
therapeutic and monitoring support in a critical care setting
should be provided. Postoperative pain management (e.g.,
epidural analgesia) is useful in reducing the cardiovascular
stress response following C/S. In addition, a neuraxial-induced
sympathectomy may improve microvascular flow and reduce
the risk of perioperative deep vein thrombosis.

Valvular lesions

Women with stenotic lesions do not tolerate the changes in HR or
increases in CO that occur during pregnancy. Any woman with a
symptomatic stenotic lesion warrants very close attention and
possible correction before or during pregnancy.

Mitral stenosis

Mitral stenosis (MS) accounts for 90% of rheumatic heart disease
in pregnancy, with 25% of patients developing symptoms for the
first time during late pregnancy. Mitral stenosis is the most com-
mon cardiac pathology associated with acute pulmonary edema
in pregnancy, followed by aortic valve disease and primary myo-
cardial disease. Symptoms depend on the severity and include
fatigue and dyspnea on exertion initially, but may progress to
paroxysmal nocturnal dyspnea, orthopnea, and shortness of
breath at rest. Mitral stenosis is considered severe when the
valve area is 1cm? or less. Overall mortality is around 1% in
mild disease or 5-15% in severe mitral valve disease.

Predictors of adverse events include:” "’

e mitral valve area <1.5 cm?

e NYHA functional class >II
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e left ventricular ejection fraction (LVEF) <40%
e a previous cardiac event.

Pathophysiology

A small mitral valve area causes a decrease in left ventricular (LV)
filling and LV output. There is a concomitant increase in left atrial
(LA) volume and pressure, with an increased pulmonary capillary
wedge pressure (PCWP). These result in irreversible elevation in
pulmonary vascular resistance (PVR) over time so that pulmonary
edema and pulmonary hypertension can develop. Right ventri-
cular hypertrophy, dilatation, and failure may then occur, causing
peripheral edema.

Relative obstruction across the valve increases as pregnancy
advances because of the increase in blood volume, HR, and CO.
Increased obstruction leads to pulmonary venous congestion and
may produce pulmonary edema.

Management principles’®

e Maintain sinus rhythm and prevent rapid ventricular rates.
Atrial fibrillation and tachycardia can also precipitate worsen-
ing cardiac function. Aggressively treat new onset atrial fibrilla-
tion pharmacologically or with direct cardioversion especially
in the hemodynamically compromised patient (see Chapter 2).

e Avoid large, rapid falls in SVR. This is compensated for by
increasing HR, which can worsen cardiac function.

e Prevent increases in central blood volume. Careful fluid man-
agement and diuresis may be necessary.

e Avoid factors that may increase pulmonary artery pressure
(PAP) (see Table 1.9). Prostaglandins, which may be useful in
treating uterine atony, can precipitate increases in pulmonary
vascular pressure.

Table 1.9 Factors affecting pulmonary vascular

resistance (PVR)

Factors decreasing PVR Factors increasing PVR

1 PaO, Hypoxia
| PaCO, 1 PaCO,
Alkalemia Acidosis

Medications: phosphodiesterase Medications: prostaglandin

IIT inhibitors (e.g. milrinone), F2-alpha, nitrous oxide.
prostaglandin E1 and 12,
isoprenaline, inhaled nitric
oxide

Spontaneous ventilation Positive pressure ventilation
and PEEP

Hypothermia

Sympathetic stimulation: pain,

light anesthesia, anxiety

PEEP = positive end-expiratory pressure
Adapted from: Lovell, A.T. Anaesthetic implications of grown-up
congenital heart disease. Br. J. Anaesth. 2004; 93: 129-39.

e The enlarged left atrium promotes thrombus formation and
anticoagulation prophylaxis should be used in patients with
atrial fibrillation or a prior embolic history.

Bacterial endocarditis prophylaxis should be administered
although its role in an uncomplicated labor and delivery is

controversial.

Beta-blockers may reduce the incidence of pulmonary edema.”’
Consider valvuloplasty or valve surgery. Valvuloplasty or valve
surgery before pregnancy may reduce the complications dur-
ing delivery.”® Patients who develop severe symptoms during
early pregnancy may benefit from a second trimester valvulo-
plasty.””"? Intractable heart failure or pulmonary edema are
indicators for urgent surgical intervention or balloon valvulo-
plasty.""*? Balloon mitral valvuloplasty should be considered
for mitral valve areas <1.5 cm? ** and for refractory pulmonary
edema.”” However, appropriate radiation screening should
be provided and plans made in case of sudden valve rupture.
Overall percutaneous balloon mitral valvuloplasty carries fewer
fetal and maternal risks than open surgical valvotomy and can
be performed under local anesthesia with light sedation (e.g.,
0.5-1 mg i.v. midazolam).

Anesthetic options

Evidence-based data on the ideal anesthetic and analgesic for the
parturient with MS is lacking.”* Management must be individu-
alized to optimize patient outcome. The degree of monitoring
should be based on the severity of the disease and the woman’s
condition.”* The concomitant use of invasive hemodynamic
monitors is recommended in symptomatic parturients with crit-
ical stenosis.">*°

It is important to minimize pain and catecholamine release
during labor. A carefully titrated epidural for labor and delivery
addresses all the above mentioned hemodynamic goals. Epidural
analgesia during the first stage of labor can reduce PVR and SVR,
lower PAP, and decrease CO to baseline levels."” Rapid prehydra-
tion should be avoided, and slow titration of local anesthetic
solution is recommended to minimize hemodynamic changes.
When treating hypotension, phenylephrine is preferred over
ephedrine, which may increase the HR. Epinephrine-containing
local anesthetic solutions are best avoided due to concerns about
potential tachycardia. Combined spinal-epidural (CSE) analgesia
may be a good option for these patients.”""” An intrathecal opioid
combined with a dilute epidural infusion minimizes sympathetic
block and concomitant hypotension. Trendelenburg position
may help to improve cardiac index and PCWP,"® but may be
uncomfortable for the awake patient. Consider assisted delivery
to limit maternal Valsalva maneuvers and expulsive efforts.

Both epidural and general anesthesia (GA) have been described
for C/S. Epidural anesthesia has an advantage over a subarachnoid
block in that it can be slowly titrated. Epidural anesthesia has
been used successfully in women with severe MS undergoing
urgent C/S."” If GA is required, avoid drugs that produce tachycar-
dia such as atropine, pancuronium, ketamine, and meperidine.
Although most anesthetic agents have a negative inotropic effect,
(see Table 1.1) patients with mild disease can tolerate a sodium
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thiopental induction. Patients with more severe disease may bene-
fit from a “cardiac” anesthetic induction with an intravenous (i.v.)
opioid and a cardiostable induction agent (e.g. etomidate).
Although opioids (e.g. alfentanil, fentanyl) can provide hemody-
namic stability, transplacental drug transfer may cause neonatal
respiratory depression.’® Remifentanil may be the preferred opioid
in the peripartum setting due to its short context-sensitive half-life.
The lowest possible dose of uterotonic agent is recommended
as it may produce significant adverse cardiovascular effects. The
intrapartum and immediate postpartum periods are high risk as
the PCWP increases in the presence of severe MS (functional class
III and 1V)."” In the appropriate patient, C/S may be followed by
immediate corrective surgery, for example closed mitral valvot-
omy.”” Postoperative ventilation and intensive care may be neces-
sary. Patients may need inotropic support as well as a pulmonary
vasodilator such as nitroglycerin or sodium nitroprusside.

Aortic stenosis

Symptomatic aortic stenosis (AS) is associated with higher neo-
natal and maternal mortality rates.”’”” Asymptomatic pregnant
patients tolerate pregnancy without complications.’” Valve area is
a better index of severity than gradient estimation, which is often
exaggerated in pregnancy due to the high flows.”* Patients usually
become symptomatic (syncope, angina, and dyspnea on exertion)
as the valve area decreases to 1cm? and a critical valve area is
<0.6 cm?. A systolic pressure gradient >50 mmHg between the LV
and aorta means severe stenosis; however, some patients may not
be able to generate large pressure gradients if they have LV dys-
function. Transvalvular gradients increase progressively through-
out pregnancy, as a consequence of increased blood volume
and reduced SVR. Coexisting coarctation, symptomatic AS at the
onset of pregnancy, and cardiac deterioration are considered
important risk factors for the woman with AS in pregnancy.™

Pathophysiology

A small aortic valve causes increased pressure and work for the LV.
Left ventricular hypertrophy results and the thickened myocardial
walls are more prone to ischemia. The higher the transvalvular
gradient, the greater the risk of myocardial ischemia. These
patients have a fixed SV because of the decreased diameter of the
aortic valve. Eventually, the LV fails causing a decrease in CO.

Management principles

e Avoid sudden decreases in venous return and LV filling.
Decreases in left ventricular end diastolic volume (LVEDV)
are poorly tolerated and will cause a decrease in SV and CO in
a patient with limited reserve. Augmented preload with i.v.
fluids may be of benefit in maintaining a fixed SV. However,
pulmonary congestion secondary to LV failure may be exacer-
bated by fluid loads in the presence of hypervolemia associated
with pregnancy.

e Maintain sinus rhythm. Bradycardia is poorly tolerated since
these patients have a fixed SV. Patients rely on increases in HR

to increase their CO. In addition, the myocardium receives its
oxygen supply during diastole and the thickened myocardium
is adversely affected by a reduced perfusion time associated
with tachycardia.

e Avoid decreases in SVR. A drop in SVR cannot be compensated
for by an increase in SV because of the fixed outlet obstruction.
Patients with AS increase their HR to maintain CO, but this also
increases oxygen consumption and decreases diastolic filling.

e Avoid hypotension. Hypotension causes ischemia in the hyper-
trophied ventricular muscle. Diastolic BP is important if cor-
onary blood flow is to be maintained.””

e Consider valvuloplasty. In some cases, percutaneous balloon
aortic valvuloplasty has been performed during pregnancy
with good maternal and fetal outcomes.”® Aortic balloon valvu-
loplasty in pregnancy may be performed in symptomatic
severe AS as a palliative procedure.”’ Valvuloplasty is usually
reserved for cases of severe symptomatic AS when aortic valve

area is <1.0cm?."

Anesthetic options

Some anesthesiologists prefer GA in patients with AS.” This is out
of concern that sympathectomy from regional anesthesia will
reduce SVR and induce tachycardia and hypotension. However,
there are a number of case reports advocating carefully titrated
epidurals for labor and delivery in parturients with severe AS.”""*°°
More recently, continuous spinal analgesia and anesthesia have
been used successfully for labor and C/S.””“’ A continuous spinal
technique using incremental doses may minimize sympathectomy-
induced cardiovascular changes and provide a more controlled
hemodynamic profile."” When using a regional technique, it is
important to slowly titrate the local anesthetic and opioid
with invasive monitoring appropriate for the severity of the AS.
A single-shot spinal technique is not recommended.”’ Regional
anesthesia avoids the tachycardia and stress response from intu-
bation and surgical stimuli associated with GA.

Pain and anxiety can increase SVR and afterload. A slow reduc-
tion in SVR with an epidural technique may improve CO in the face
of a fixed SV, assuming that the filling pressures are adequate.
Some authors recommend avoiding epinephrine-containing
epidural local anesthetic solution, while others have used it in the
test dose in parturients with cardiac disease.”” Phenylephrine is the
drug of choice to treat hypotension. Unlike ephedrine it improves
LV filling without causing tachycardia.®”

There is no good evidence to show whether regional or GA is
safer in patients with AS.°” If GA is required, an opioid-based
anesthetic is useful when LV function is compromised and in
cases of severe AS.””°" Remifentanil has been used to blunt the
hemodynamic response to intubation in patients with AS under-
going C/S under GA.°” In one report, remifentanil provided car-
diovascular stability in conjunction with rapid emergence from
anesthesia with minimal neonatal side effects.”” A standard gen-
eral anesthetic rapid sequence induction with sodium thiopental
and succinyl choline may decrease CO.” The use of etomidate as
an induction agent may be preferable to avoid myocardial
depression from sodium thiopental, and tachycardia associated
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with ketamine (see Table 1.1). It must be emphasized that a
cautious anesthetic technique is necessary in conjunction with
invasive monitoring to guide appropriate therapy in the event of
adverse hemodynamic changes.

All uterotonic agents should be used cautiously as they may
produce significant cardiovascular effects. Postpartum monitor-
ing is vital as mortality has been reported up to three to five days
following delivery.”

Regurgitant valvular lesions

Chronic mitral or aortic regurgitation is usually well tolerated
during pregnancy if the patient remains asymptomatic or only
mildly symptomatic.”® The physiological changes of pregnancy
with reduction in SVR and tachycardia favor forward flow and
limit the regurgitant back flow. However, clinical deterioration
and heart failure are possible during pregnancy, particularly
in patients with LV dysfunction and a reduced ejection
fraction.”’

Mitral regurgitation or insufficiency

Mitral regurgitation (MR) is usually well tolerated and patients
can be asymptomatic for many years. Left ventricle dysfunction
and heart failure eventually develop if the condition is left
untreated. The increased intravascular volume associated with
pregnancy and delivery may worsen LV volume overload. Patients
are also at risk for atrial fibrillation, pulmonary edema, emboli
formation, and endocarditis.

Pathophysiology

Regurgitation of blood from the LV into the LA occurs during
systole. This causes LA enlargement with eventual increases in
LA pressure. This pressure is transmitted to the pulmonary circu-
lation causing elevations in pulmonary venous pressure and
PCWP. This eventually causes pulmonary edema and may lead
to RV failure. The LV may also fail secondary to an increase in
volume load. Pain and surgical stimulation can increase SVR,
which might decrease forward flow across the valve.

Management principles

e Prevent increases in SVR, as an elevated SVR can impair for-
ward flow. Treatment should be aimed at afterload reduction.

e Maintain a normal to slightly elevated HR, avoiding bradycar-
dia. A slow HR prolongs diastole and allows for a longer period
of regurgitation. Ephedrine may be a good drug to use in this
setting to prevent and treat hypotension and avoid bradycardia
associated with alpha-agonists. Treat dysrhythmias aggres-
sively if they occur.

Anesthetic options

Asymptomatic patients probably do not need invasive monitor-
ing, but severely compromised patients should have invasive

monitoring to guide fluid and drug therapy. Epidural analgesia
is favored for labor pain because it attenuates an increase in
SVR from peripheral vasoconstriction secondary to the pain of
labor. Reducing SVR increases the forward flow component across
the valve.

If patients tolerate the supine position with left uterine tilt, then
regional anesthesia is a good choice for C/S. If GA is necessary, try
avoiding anesthetic agents with significant myocardial depres-
sant effects (see Table 1.1), especially in patients with LV dysfunc-
tion. Techniques that cause a slight increase in HR may be
beneficial (e.g. ketamine).

Aortic regurgitation or insufficiency

Most patients with aortic regurgitation (AR) tolerate the cardio-
vascular demands of pregnancy, although patients with sig-
nificant LV enlargement and dysfunction may develop heart
failure.

Pathophysiology

Left ventricular volume overload causes LV dilatation and
increased LV volume, work that eventually leads to LV dysfunc-
tion. The regurgitant volume depends upon the diastolic pressure
gradient between the aorta and the LV, as well as the duration of
diastole. The decrease in SVR seen in pregnancy can improve AR
by decreasing the regurgitant volume. However, the increase in
intravascular volume associated with pregnancy and uterine con-
tractions can lead to volume overload and LV dysfunction.

Management principles and anesthetic options
The management principles and anesthetic options for AR are the

same as for patients with MR (see above).

Mixed valvular lesions

Mixed valvular lesions often present a dilemma as to which lesion
to treat and which hemodynamic goals to adopt. As a general rule,
therapy should be directed to the management of the dominant,
most severe valvular lesion. For example, if a woman presents
with severe MR and mild MS then management should be direc-
ted to treat the regurgitant lesion, even if this conflicts with the
usual treatment of MS.

Management principles

General management goals and monitoring outlined earlier in
the chapter should be followed and should be appropriate for
the patient’s condition. Often a compromise is reached for
maintenance of hemodynamic objectives in mixed lesions.””
Importantly, avoid rapid HR and treat dysrhythmias aggressively.
Maintain preload, minimize sudden increases in central blood
volume and avoid sudden decreases in SVR. Use cardiovascular
monitoring appropriate for the severity of the underlying lesion
and the patient’s clinical condition.
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Anesthetic options

Refer to the anesthetic management options for specific valvular
lesions discussed earlier. Treatment must be individualized and
no absolute recommendations can be made because evidence-
based data are lacking. However, there are a number of case reports
describing the successful management of pregnant women with
mixed valvular lesions. In one such case report, a woman with
moderate to severe MR and mild MS was managed with epidural
analgesia for induced labor and ventouse-assisted vaginal deliv-
ery.”” Other reports have described the use of epidural analgesia
for labor and delivery in women with combined mitral and aortic
regurgitation,”” and combined MS and AS.”' More recently, a
parturient with mixed pulmonary stenosis and aortic incompe-
tence had a C/S under epidural anesthesia.””

Valvulotomy and prosthetic valves

There have been many reports of successful pregnancy following
valvular surgery.”” Generally, women who are asymptomatic
before pregnancy are able to tolerate pregnancy and delivery.®’
Symptomatic patients with underlying LV dysfunction and/or
pulmonary hypertension may not tolerate the stresses of preg-
nancy. Compared to pregnant women with prosthetic valves,
patients with previous valvotomies have fewer complications
and less fetal morbidity.”” Women with prosthetic valves are
at higher risk of complications including valve infection, throm-
boembolism, and bleeding due to anticoagulant therapy.”

Women with aortic valve replacement have a lower incidence
of complications than those with a mitral valve prosthesis,””"®
possibly due to better ventricular function and less stringent
anticoagulation compared to mitral valve lesions.”® All women
with prosthetic valves are at risk for valvular infection and clini-
cians should consider bacterial endocarditis prophylaxis (see
Tables 1.5 and 1.6). Anticoagulation should be considered
throughout pregnancy due to the high risk of thromboembolism.
American College of Cardiology (ACC) and American Heart
Association (AHA) Guidelines should be considered,” although
they were produced before data regarding LMWH for pregnant
patients with prosthetic valves were available.”’

ACC/AHA recommendations”’

From week 1 to week 36 of pregnancy, high-risk women (throm-
boembolic history or older generation mechanical mitral valves)
should be maintained on warfarin (+ low dose aspirin) to keep
the INR between 2-3.%' After week 36, warfarin should be discon-
tinued. However, because of the risk of warfarin embryopathy
some women opt to use heparin as an alternative therapy during
pregnancy. High-risk patients not taking warfarin should receive
continuous UFH keeping aPTT levels around two to three times
control.”"® Low-risk women can receive subcutaneous heparin.
In the absence of bleeding, heparin or warfarin can be restarted
four to six hours after delivery.”' Some institutions use LMWH
maintaining peak anti-Xa levels between 0.8 to 1.5 and trough
levels at least 0.7.”" Anti-Xa levels should be checked twice

10

monthly and adjusted as necessary.”” Patients still on anticoagu-
lants are at risk for postpartum hemorrhage. If regional anesthe-
sia is planned, allow an adequate time between anticoagulation
administration and regional (epidural and/or spinal) anesthesia
(see Table 1.7).

Regular assessment of signs and symptoms may help detect
any residual or new valve dysfunction. It is important to exclude
residual myocardial dysfunction or pulmonary hypertension that
may exist despite correction of the valvular lesion. Consider inva-
sive monitoring where significant residual myocardial dysfunc-
tion or pulmonary hypertension exists. Patients with a valve
prosthesis are at higher risk for developing dysrhythmias, espe-
cially atrial fibrillation. Management goals and anesthetic con-
siderations should be individualized according to the lesion. (See
specific valvular lesions.)

Mitral valve prolapse

Mitral valve prolapse (MVP) is the most common valvular lesion —
occurring in approximately 2-4% of the general population — and
is most prevalent in young women. A benign course can be
expected in 85% of patients with MVP,”® but 15% develop MR
over time. Most patients progress uneventfully during pregnancy
and the peripartum period;””*” however, some patients may sus-
tain cardiac dysrhythmias (e.g. supraventricular and ventricular
tachydysrhythmias, bradydysrhythmias, and conduction blocks).
The role of routine endocarditis prophylaxis for labor and delivery
is controversial.”” The current recommendation is that bacte-
rial endocarditis prophylaxis is only necessary in MVP with MR
and/or thickened leaflets (see Tables 1.5 and 1.6).

Management principles

Avoid decreases in preload by providing adequate volume re-
placement and left uterine displacement. Maintain afterload and
avoid increases in HR. Hypovolemia, venodilation, increased air-
way pressure, and tachycardia all decrease LV volume causing an
earlier prolapse of the valve leaflets and thus increasing MR.
Conditions that increase LV volume, such as bradycardia, after-
load augmentation, hypervolemia, or negative inotropic agents,
cause later prolapse, with a delayed click.

Asymptomatic patients with MVP require only routine man-
agement.”” Continue antidysrhythmic therapy and make provi-
sions for urgent management of dysrhythmias (see Chapter 2). In
patients with MVP and associated symptomatic mitral regurgita-
tion, the hemodynamic goals are similar to those for MR.

Anesthetic options

For pain relief in labor, epidural analgesia is a good choice for
patients with MVP and MR. Avoid epinephrine-containing local
anesthetics in patients with dysrhythmias.

Regional anesthesia for C/S in parturients with MVP has
been reported.”’ Adequate volume loading prior to placement of a
regional anesthetic is necessary to avoid LV volume reduction and
an increase in MV prolapse. Light GA accompanied by tachycardia
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can increase MVP.”” Drugs that cause tachycardia should be
avoided. Shivering and peripheral vasoconstriction can increase
LV systolic pressure and increase regurgitant flow. Hence, it is
important to maintain normothermia and treat regional anesthe-
sia-induced shivering with i.v. meperidine 12.5-25 mg.

Cardiomyopathy in pregnancy

Currently, nearly 8% of pregnancy-related deaths are caused by
cardiomyopathy,®*®’ and this number appears to be increasing.
Cardiomyopathy in pregnancy can be divided into peripartum
cardiomyopathy and other cardiomyopathy (dilated, hyper-
trophic obstructive, or restrictive).*

Peripartum cardiomyopathy

Peripartum cardiomyopathy (PPCM) is defined by the National

Institutes of Health and is based on four criteria:'**">%

e development of cardiac failure in a six-month period (last
month of pregnancy to within five months after delivery)

e no identifiable cause

e new diagnosis with no prior heart disease before the last month
of pregnancy

e echocardiographic findings of LV dysfunction similar to dilated
cardiomyopathy: ejection fraction <45% and a LV end diastolic
dimension >2.7 cm/m?.

Peripartum cardiomyopathy accounts for 70% of the pregnancy-
related deaths from cardiomyopathy and is one of the leading
causes of maternal death.”””” The condition is fatal in 15-50% of
cases and the risk of death is higher in black women (six times),
women >35 years of age, and in multiple gestation.®” Fortunately,
mortality rates from PPCM appear to have decreased in the past
decade, most likely related to advances in medical therapy for
heart failure.”

In addition to PPCM, there are a number of causes of dilated
cardiomyopathy. Possible etiologies include ischemia, alcohol-
ism, toxins, thiamine deficiency, connective tissue diseases,
metabolic disorders, neuromuscular dystrophies, and viral or
other infections. When no identifiable cause is found, PPCM or
idiopathic dilated cardiomyopathy should be considered.
Idiopathic dilated cardiomyopathy appears to be a separate syn-
drome from PPCM.*"?°

Symptoms and signs of heart failure often develop insidiously
and must be distinguished from the normal physiologic changes
of pregnancy. Women present with fatigue, dyspnea, orthopnea,
palpitations, and hemoptysis. Patients with PPCM often have a
raised jugular venous pressure and new regurgitant murmurs
with a third heart sound or gallop rhythm. A chest radiograph
reveals cardiomegaly and signs of heart failure, while the electro-
cardiogram (ECG) may show dysrhythmias with nonspecific
ST- and T-wave changes. Echocardiography confirms dilated
hypokinetic ventricles. Serial echocardiographic studies during
pregnancy and the postpartum period to monitor LV function are
recommended.”’

The cause of PPCM is unknown. Hypotheses include myo-
carditis secondary to a viral or autoimmune response.”* Post-

mortem studies show enlarged hearts that are soft, flabby, and
dilated with variable endocardial thickening or areas of myocar-
dial necrosis. Endocardial biopsy can be considered in patients
without improvement after one to two weeks of maximal medical
therapy to help diagnosis and exclude other causes of dilated
cardiomyopathy.”"* Mortality ranges from 15-50%, with death
resulting from cardiac failure, dysrhythmia, or thromboembo-
lism.”””" Peripartum cardiomyopathy can be associated with
pulmonary hypertension and may result in multiorgan failure.’”
The prognosis is worse if the cardiac size has not returned to
normal within six months of delivery.

Management principles

Initial treatment is similar to the management of any form of

heart failure.””””

e Reduce and optimize preload with sodium and fluid-intake
restriction and diuretics. Loop diuretics appear safe during
pregnancy, but spironolactone should be avoided.”

e Afterload reduction is the mainstay of medical management.
Nifedipine, amlodipine, nitroglycerin, and hydralazine have
all been used. Although ACE inhibitors are contraindicated in
pregnancy due to fetal renal teratogenicity, they may be con-
sidered postpartum and appear safe during breast-feeding.””"*

e Any vasodilator may compromise utero-placental blood flow
and i.v. vasoactive medication administration requires invasive
monitoring.

e Consider inotropic support. Digoxin and, if necessary, dopa-
mine, dobutamine, and milrinone can be considered.’””° Beta-
blockers have been shown to improve outcome in dilated
cardiomyopathy.

e Aggressive use of implantable defibrillators has reduced the
risk of sudden death in these patients.*”

e Anticoagulation: PPCM has a high rate of thromboembolism
due to bed rest, hemoconcentration from diuresis, and subop-
timal CO.”* Anticoagulation is important, especially if LVEF is
<20%.°” Echocardiographic evidence of intraventricular
thrombi should prompt anticoagulation therapy.”’”

e Immunosuppressive therapy in PPCM is not yet fully under-
stood,”® but should be considered in patients not responding
to conventional medical therapy with myocarditis proven on
cardiac biopsy.®” In one series, 78% of women with PPCM had
evidence of myocarditis.”” Immunosuppressive therapy with
oral prednisone and azathioprine for six to eight weeks, led to a
resolution of the myocarditis and improved LV function.”
Recently, i.v. immunoglubulin therapy has been used success-
fully in PPCM.'"°

e Pentoxyfylline therapy (TNF-alpha production inhibitor) has
also been used for PPCM with improvement in the 30 patients
treated.'’’ Continuous veno-venous hemofiltration has been
used successfully to treat severe cardiomyopathy after failure
of conventional therapy.”® There is also an isolated report
of a successful treatment of PPCM with daily exchange
transfusions.'””

e Heart transplantation is reserved for severe cases unresponsive
to all medical therapy'”” and has been performed successfully
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in patients with PPCM.'"'%>'°® Intraaortic balloon pump or
ventricular assist devices have been used as a bridge to cardiac

transplant 95,104,105,106

Anesthetic options

If patients can be stabilized on medical therapy, induction of
labor is recommended. However, if the woman’s condition wor-
sens, C/S should be considered since she may not tolerate a
prolonged stressful labor. Consider invasive monitoring appro-
priate for the patient’s condition.'’” Early administration of a
labor epidural is important to minimize the stress of labor. Slow
titration of the epidural is important. The sympathectomy-
induced reduction of afterload following neuraxial anesthesia is
potentially beneficial provided BP is maintained.'”® Intrathecal
opioids via a CSE or continuous spinal technique are an option for
labor analgesia.

If the patient is able to tolerate the supine left-tilt position, an
epidural anesthetic for C/S is probably the best option. A continu-
ous spinal anesthetic has been used successfully in a patient
with severe PPCM;'”’ however, a single-shot spinal technique
is not recommended because the subsequent rapid hemody-
namic changes may not be well tolerated. Epidural anesthesia
with noninvasive hemodynamic monitoring has been reported
for C/8.""

If GA is necessary, a “cardiac” induction technique with a
cardio-stable induction agent (e.g. etomidate) and high doses of
opioid are recommended. In one case report, a patient with
undiagnosed cardiomyopathy suffered a cardiac arrest at induc-
tion of GA for emergency C/S."'’ Fortunately, the mother and
baby were successfully resuscitated.

There is no consensus on the possibility of subsequent preg-
nancies in survivors of PPCM.'>"" In patients not recovering
ventricular function and in heart failure, future pregnancies are
not recommended. Even in women who have recovered clini-
cally, 20% will deteriorate in subsequent pregnancies. In a
woman with previous PPCM and normal ventricular function at
rest, systolic dysfunction can be unmasked using dobutamine
echocardiography.''' Failure to tolerate this stress test may indi-
cate that the patient will not be able to tolerate a future preg-
nancy. Echocardiographic evidence of LV dysfunction includes
fractional shortening <20% and LV end diastolic dimension
>6cm.''” Recurrence of PPCM is possible and mortality asso-
ciated with a recurrence is even higher.'"”

Hypertrophic obstructive cardiomyopathy

Hypertrophic obstructive cardiomyopathy (HOCM) or idiopathic
hypertrophic subvalvular stenosis (IHSS) is a disease that is char-
acterized by a dynamic LV outflow tract obstruction, caused by
a contracting hypertrophied ventricle and septum during systole.
This disease usually affects patients in their 20s to 30s and is
occasionally seen in pregnancy. Most patients have a fairly
benign course, but patients with HOCM are at increased risk for
dysrhythmias and sudden death. Affected patients may be
asymptomatic or have mild symptoms (palpitations, dyspnea
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on exertion, angina, and syncope). Some patients with HOCM
may deteriorate and progress to congestive heart failure.
Clinically, patients have signs of LV hypertrophy with a late sys-
tolic murmur at the apex.

Hypertrophic obstructive cardiomyopathy is a disease trans-
mitted by autosomal dominant inheritance with variable pene-
tration. Asymmetrical septal and LV hypertrophy are hallmarks of
this disease, causing a dynamic outflow tract obstruction during
systole. Obstruction to LV outflow is caused by a hypertrophic
muscle mass at the base of the interventricular septum. There is
an apical obliterative variety, which does not have a subaortic
pressure gradient. However, in most cases, a subaortic pressure
gradient is present and the ventricle is less compliant. This leads
to a reduction in passive ventricular filling during diastole. Atrial
contraction becomes an important factor in increasing LVEDV.

Factors that impact on the degree of obstruction include
LVEDV, force of ventricular contraction, and transmural pressure
that distends the outflow tract. Inotropic agents or conditions
that increase myocardial contractility and SVR will worsen the
outflow obstruction. Conditions that decrease preload will also
worsen obstruction by decreasing LV volume. When the LV out-
flow tract is narrowed, CO falls and MR may occur since the mitral
valve becomes the point of relief for the build up of ventricular
pressure.

In pregnancy, the decrease in SVR along with an increase in
HR and contractility are physiologically deleterious to this con-
dition. Conversely, an increase in intravascular volume allows
for a larger ventricular volume and decreases outflow obstruc-
tion. A decrease in preload associated with aortocaval compres-
sion in the third trimester and the Valsalva maneuver during
delivery can increase outflow obstruction. Usually, the physio-
logical changes of pregnancy are well tolerated in patients with
HOCM.""" However, latent HOCM may become a clinical pro-
blem and sudden death from HOCM has been reported in

pregnancy.''>''°

Management principles

e Where appropriate, use invasive monitoring in symptomatic
patients or patients with atrial dysrhythmias.

e Avoid decreases in preload. Increased blood volume and main-
tenance of venous return is important in order to minimize
outflow obstruction.

e Maintain a normal to slow HR and aggressively treat any atrial
dysrhythmias. Tachycardia limits diastolic filling, which
decreases LVEDV and increases contractility, which, in turn,
will increase LV outflow tract obstruction.

e Avoid increases in contractility as this increases the dynamic
obstruction and may reduce CO. Beta-blockade is useful in
patients with HOCM to treat LV outflow obstruction by reducing
cardiac contractility and HR. However, there is concern that
beta-blocker therapy during pregnancy might cause fetal brady-
cardia and intrauterine growth restriction (IUGR). The use of
esmolol is controversial and there have been reports of hypoto-
nia, hypotension, hypoglycemia, and bradycardia in a neonate
born to a parturient with HOCM treated with esmolol.'">"""
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Labetalol in 0.25mg/kg increments up to 1mg/kg may be
preferable.

e Avoid sudden decreases in SVR. Maintenance of SVR will
decrease outflow obstruction.

e Treat hypotension with an alpha-agonist (e.g. phenylephrine or
metaraminol). Try to avoid ephedrine as it may increase the
dynamic obstruction.

Anesthetic options

Vaginal delivery is considered safe, although attempts should
be made to minimize the period of “bearing down” during the
second stage of labor. Regional anesthesia has been used success-
fully in laboring patients with HOCM despite concerns about
associated afterload reduction.''”"'® Appropriate prehydration,
monitoring, and the use of drugs like phenylephrine or metara-
minol to maintain SVR are important. Both conventional epi-
dural''” and CSE'*’ have been used in this setting to provide
labor analgesia. In one case report, continuous spinal analgesia
with an opioid as the sole intrathecal agent provided excellent
pain relief and hemodynamic stability.''® The intrathecal opioid
allowed rapid analgesic onset without the sympathetic block and
afterload reduction.''®'*” Epidural and continuous spinal analge-
sia attenuate increases in HR and contractility from endogenous
catecholamines (pain and anxiety) during labor. Expulsive efforts
and Valsalva maneuvers can be reduced by effective epidural
analgesia. Ephedrine is contraindicated in the treatment of hypo-
tension associated with HOCM due to the risk of tachycardia,
therefore phenylephrine (50 ug increments) is the treatment of
choice for hypotension following sympathetic blockade.
Ropivacaine has theoretical advantages over bupivacaine in that
it is less cardiotoxic. However, low concentrations of bupivacaine
can be used safely in these patients.

Spinal and epidural anesthesia for C/S cause a reduction in pre-
load and afterload, which has a potential adverse impact in
patients with HOCM."''*'?" The successful use of GA for C/S has
been described in women with HOCM.'?* Although volatile anes-
thetic agents are beneficial in that they produce a reduction in
myocardial contractility they should be used cautiously to avoid
a marked fall in SVR. While GA is traditionally recommended for
these patients, carefully titrated epidural anesthesia has been used
successfully for C/S.'” A single-shot spinal anesthetic is not
recommended because of the rapid onset of sympathetic block-
ade. Subarachnoid anesthesia for an orthopedic procedure in a
patient with HOCM resulted in an increased left ventriculo-aortic
gradient, and concomitant deterioration in coronary perfusion.'*!

The critical determinants of a good outcome are careful titra-
tion of anesthetic agents, adequate volume loading, and prompt
replacement of blood loss guided by invasive hemodynamic
monitoring. Although the tachycardia and hypotension asso-
ciated with oxytocin are problematic in women with HOCM, a
dilute oxytocin infusion will likely be well tolerated.'*
Postpartum pulmonary edema in parturients with THSS has
been reported.'”" Patients should be closely monitored for wor-
sening outflow obstruction resulting from the diuresis that occurs
in the first 48-72 hours postpartum.

Heart transplant recipients
(see Chapter 22)

Aortic dissection

There is an association between pregnancy and aortic dissection,
and 50% of all dissections in women under 40 years old occur
during pregnancy.'””'*® Maternal mortality is very high, but is
similar to the nonpregnant state. Although aortic dissection is
rare, it is an important cause of maternal mortality.”*°® Possible
etiological factors of aortic dissection during pregnancy include
connective tissue disease (in particular, Marfan syndrome),
severe preeclampsia, sepsis, atherosclerosis, and coarctation of
the aorta (see Chapter 3). The diagnosis should be suspected in
anyone with abdominal, thoracic, or interscapular pain; however,
painless dissection is common with Marfan syndrome. There
is cardiovascular involvement in 80% of patients with Marfan
syndrome.’ Presentation depends on the extent and location of
the dissection with 70% affecting the ascending aorta.”” Diagnosis
is made by computed tomography (CT) scan or TEE.

Management principles

Nonemergent situation: The decision to repair the aorta should be
based on the patient’s condition and gestational age of the fetus.
The risk of dissection increases with the duration of pregnancy
and the diameter of the ascending aorta. In a case series of
pregnant women with acute aortic dissection, most dissections
happened in the third trimester.'”” The ascending aorta at time
of dissection was 4.8 cm. Aortic diameters over 4 cm are generally
considered critical. Monthly ultrasound inspections of the aorta
are recommended to detect possible early rupture. Premature
delivery via C/S or induction of labor is recommended when the
aortic root diameter is greater than 4.5cm.'*'*’ Management
should be individualized and based on a multidisciplinary team
reviewing the patient’s condition throughout pregnancy. Before
fetal viability, aortic repair with a fetus in situ is justified given
the high mortality of nonoperative treatment.'**'*” If the fetus is
viable, primary C/S or vaginal delivery with concomitant or
staged surgical repair is indicated.'*

Emergent situation: In the case of acute rupture or hemodynamic
deterioration, expedited surgery and resuscitation may be
necessary. Cesarean section should be performed once control
of the aortic dissection is achieved.

Anesthetic options

Regional anesthesia is recommended for labor pain as it can
effectively reduce sheer wall stress and wall tension associated
with pain during labor and delivery.®® Vaginal delivery under
regional anesthesia has been described in patients with Marfan
syndrome and aortic dissection.'”” The BP should be kept normal
or slightly below normal. All antihypertensive medication should
be continued peripartum. Beta-blockers can be titrated to control
the BP during labor and delivery.®® Preparations should be made
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for possible rupture with large-bore i.v. access, blood and resus-
citation equipment available.

The best anesthetic method for C/S is controversial. General
anesthesia is associated with a hypertensive response to intuba-
tion and surgical stimulation that may promote rupture or dis-
section progress. Efforts should be made to prevent increases in
BP and to reduce the cardiovascular response to endotracheal
intubation. General anesthesia may be necessary in the antico-
agulated patient or in the emergent situation. In Marfan syn-
drome, regional anesthesia can be associated with marked
hypotension and increased risk of epidural hematoma due to
epidural vein fragility.

Cardiopulmonary bypass during pregnancy

The first extracorporeal circulation or cardiopulmonary bypass
(CPB) during pregnancy to facilitate open-heart surgery was
described by Leyse et al.'’' in a woman at 18 weeks’ gestation
with congenital AS. Cardiopulmonary bypass has been necessary
during pregnancy and in the peripartum period to facilitate open-
valve surgery and to manage individual cases of aortic dissection,
massive pulmonary embolus, amniotic fluid embolus, and cor-
onary artery dissection. If possible, surgery requiring CPB should
be delayed until the second trimester, or later. If the parturient
tolerates pregnancy, a primary C/S with concomitant or staged
CPB with surgical repair can be performed.'*

Most cardiac operations with CPB during pregnancy can be per-
formed with reasonable safety in the mother, but there is increased
risk for the fetus.'”*'** The well-being of the mother and fetus must
be considered although the best interests of the two may not always
coincide and optimal therapy may be a compromise."*”

During CPB in pregnancy, high pump flows (30-50% increase
over the nonpregnant state) should be maintained. Perfusion
pressures >60 mmHg appear optimal to maintain utero-placental
perfusion.’ One report describes the successful treatment of
fetal bradycardia during CPB by increasing the perfusion rate.'*
Hypothermia can reduce utero-placental perfusion and cause fetal
hypoxia.” Temperatures <32°C have the potential to cause fetal
dysrhythmias and cardiac arrest. Continuous intraoperative fetal
monitoring is important during CPB in order to detect fetal dys-
rhythmias and bradycardia.

Another problem associated with CPB during pregnancy is
severe postpartum hemorrhage. This was described during an
emergency mitral valve replacement immediately after C/S."”
Aprotinin, a protease inhibitor, has been used to effectively treat
a similar problem in an obstetric patient following CPB.'**
Patients requiring CPB should be managed in a tertiary center
with multidisciplinary team involvement.'”

Peripartum ischemic heart disease

Acute myocardial infarction (MI) in pregnancy is relatively rare
with a reported incidence of 1 in 10000."*’ However, the inci-
dence can be expected to increase due to advancing maternal age,
tobacco, and cocaine abuse."'*” Peripartum MI carries substan-
tial maternal and fetal morbidity and mortality."*”'*" Overall
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maternal and fetal mortality ranges from 21-37% and 12-34%
respectively.'’”'*! Maternal mortality is greatest (approximately
45%) if the Ml is late in pregnancy, or when delivery occurs within
14 days of the initial infarction.'**'*!

Pathophysiology

Myocardial ischemia occurs when oxygen demand outstrips oxy-
gen supply. In MI during pregnancy, atherosclerosis is found to
be the cause in less than half the cases.'*” The coronary arteries
often appear normal at angiography'*”'** and other suggested
causes include coronary spasm, arteritis (e.g. Kawasaki Disease —
Chapter 3 ), or in situ thrombosis.

Normal pregnancy is accompanied by increases in HR, myo-
cardial wall tension, basal metabolic rate, and oxygen consump-
tion. Labor and delivery lead to further increases in oxygen
consumption and demand, which may seriously compromise
women with ischemic heart disease (IHD). The increase in oxy-
gen consumption peaks at the time of delivery, and remains
elevated in the immediate postpartum period. Even asympto-
matic patients with coronary artery disease during pregnancy
are at risk of ischemia or infarction during the peripartum and
postpartum periods.

Most cases of peripartum MI are in patients without a history of
IHD. Characteristic symptoms, ECG changes and serial elevated
cardiac enzymes diagnostic of MI in nonpregnant patients, are
less reliable during pregnancy.®® Signs and symptoms of myocar-
dial ischemia in pregnancy can be similar to normal signs and
symptoms of pregnancy. These include poor exercise tolerance,
shortness of breath, diaphoresis, and chest pain. In normal preg-
nancy the ECG may show left-axis deviation and reversible ST-,
T-, and Q-wave changes. ST-segment depression is common
during C/S under regional anesthesia without evidence of myo-
cardial ischemia.'*” If an MI during pregnancy is suspected, diag-
nosis can be confirmed by measuring cardiac specific troponin I
levels >0.15ng/ml. Creatine kinase levels may not be helpful
since they increase during normal labor."**

An exercise stress ECG or echocardiography with inducible ische-
mia helps to confirm the diagnosis of IHD. Recommendations
for stress testing during pregnancy should follow the ACC and the
AHA guidelines.'*” Heavy exercise during pregnancy may decrease
uterine blood flow, and testing should be done with fetal moni-
toring and an exercise goal limited to 70% maximum HR.'*°
Echocardiography is safe in pregnancy; however, the safety of
pharmacologic stress-testing echocardiography is unknown.

Management principles

e Efforts should be made to limit myocardial oxygen demand
and maximize supply throughout pregnancy and during
parturition. Myocardial ischemia occurs when oxygen demand
outstrips oxygen supply.

e Anemia should be treated and hematocrit maintained
above 30%.

e Medical management of IHD includes optimal positioning to
avoid aortocaval compression, oxygen administration, aspirin,
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beta-blockers, nitroglycerin infusion, calcium channel block-
ers, and anticoagulation. Aspirin is considered safe at doses
<150 mg per day, especially during the second and third trime-
ster.”” Although there are no reports of teratogenicity with
beta-blockers, there have been reports of intrauterine growth
restriction (IUGR), fetal bradycardia, hypoglycemia, and
hyperbilirubinemia at birth with both propranolol and esmolol
therapy. Selective beta-blockers are probably safer with fewer
fetal complications reported. Nitroglycerin infusion and cal-
cium channel blockers may have tocolytic effects and therefore
may increase the risk of uterine atony. Angiotensin-converting
enzyme inhibitors and statins are contraindicated in preg-
nancy and should be avoided.

e There are a number of successful reports of percutaneous
coronary angioplasty following MI in pregnancy.'*”'*%!%9
However, there are no reports of this revascularization option
in pregnant patients with stable coronary artery disease.

e Successful coronary artery bypass grafting during pregnancy
has been reported.””” Although the risk of CPB during preg-
nancy is similar to that of nonpregnant patients (3% overall),
the fetal mortality remains high at 19%."'*"

e Thrombolytic agent (e.g. streptokinase, tissue plasminogen acti-
vator) administration to pregnant women has been reported in
the literature.'*'>"'>* However, the potential risks of maternal
and fetal hemorrhage may outweigh the benefits.

e Although experience is limited, percutaneous coronary angio-
plasty + stenting may be the treatment of choice in pregnant
patients with MI.

Anesthetic options

Patients should be managed in a setting where continuous ECG
monitoring can occur. If possible, delivery should be postponed
at least two weeks after an MI.'*"'>* Cautious use of oxytocin is
important to avoid hypotension.'”* Ergot alkaloids (e.g. mether-
gine) may cause coronary spasm and should be avoided.’
Prostaglandin F2-alpha (hemabate) should also be used with
caution as it may cause hypertension in the systemic and pul-
monary circulations.

Itis important to provide optimal pain relief during labor in order
to minimize the cardiovascular stress of labor and delivery. This
can be achieved by a slow controlled induction of epidural analge-
sia. If patients are anticoagulated, follow ASRA guidelines (see
Table 1.7) prior to inducing a neuraxial block. There are advantages
and disadvantages of vaginal and C/S with no convincing evidence
that either option is superior’ (see Table 1.8). Some authors prefer
vaginal delivery if obstetrically indicated.'*' However, limits to the
duration oflabor should be discussed and preparations for a poten-
tial C/S considered. The use of forceps or vacuum to assist delivery
and minimize prolonged pushing is preferable.

A regional anesthetic technique is appropriate for C/S provided
preload is maintained and reflex tachycardia is avoided. Afterload
reduction associated with regional anesthesia is beneficial in
decreasing cardiac demand. Slowly titrated epidural anesthesia
is ideal to prevent abrupt fluctuations in preload and afterload.
A single-shot spinal technique is relatively contraindicated.

Consider light sedation (e.g. midazolam i.v. 0.5-1 mg) to minimize
anxiety and pain during line and epidural placement. Shivering
increases oxygen consumption and must be treated aggressively
(e.g. meperidine i.v. 12.5-25mg). Avoid shivering by using fluid
warmers, forced air warmers, and increasing the operating room
temperature. Phenylephrine is the drug of choice to treat hypoten-
sion and minimize an increase in HR. Preventing an increase in HR
is critical because tachycardia increases myocardial demand and
reduces oxygen supply (shorter diastolic coronary perfusion time).
If GA is necessary for obstetric indications, then a high dose opioid
technique is recommended to reduce the cardiovascular response
to endotracheal intubation and surgery.

Continuous postpartum monitoring is essential. Patients
should be managed by a multidisciplinary team for optimal out-
come. Specialist advice is necessary if these patients are contem-
plating future pregnancies, and future cardiac risk will depend
upon post-MI cardiac function.'””

Congenital heart disease in the pregnant patient

General principles

In developed countries, pregnant women with CHD outnumber
those with rheumatic heart disease.'”'*® With improvements in
surgical and medical management, an increasing number of
patients with corrected or partially corrected CHD are surviving
to childbearing age and presenting for labor and delivery. The
outcome of a pregnant woman with CHD is related to her NYHA
functional status, the type of lesion, and the nature of prior
palliative or corrective surgery. In particular, patients with severe
LV outflow tract obstruction, pulmonary hypertension, or cyano-
tic heart disease are at greater risk from pregnancy."”

The anesthetic management of obstetric patients with CHD is
challenging and there is a lack of evidence-based literature to
guide management due to the rarity and heterogeneity of lesions.
Furthermore, the anesthetic approach toward two parturients
with the same CHD lesion may differ significantly depending on
the severity of the lesion (i.e. minimal end-organ cardiopulmon-
ary effect versus end-stage Eisenmenger syndrome (ES) versus
postpalliation versus postcomplete repair).'””'*® Regardless of
the CHD lesion, the strategy should be to identify the cardiopul-
monary pathophysiology (primary and secondary), and manage
it within the context of the physiologic changes of pregnancy. Any
parturient with a significant CHD lesion should be managed in
conjunction with a cardiologist at a tertiary care facility.'””'*? As
the infant is also at risk of CHD (2-16%),' these infants may
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require specialized care.
Patients with CHD lesions should receive bacterial endocar-
ditis prophylaxis + thomboprophylaxis (see Tables 1.5 and 1.6).
Meticulous care is required in patients with CHD shunt lesions to
ensure all peripheral and central i.v. lines are free of air bubbles.

Monitoring

Patients with CHD require special considerations when planning
monitoring needs.'®' Arterial lines may need to be placed on the
opposite side of the previous shunt (e.g. Blalock-Tausig shunt).
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Central venous cannulae can pose a potential thromboembolic
risk in patients with a Fontan type circulation, and pulmonary
artery catheterization may be riskier and measurements mislead-
ing with significant cardiac lesions and the presence of a shunt.'®’
Transesophageal echocardiography is a useful real-time assess-
ment tool for preload, ventricular function, and intracardiac
shunt assessment.

Congenital heart disease shunt lesions

Traditionally, CHD shunt lesions have been characterized as
either acyanotic or cyanotic (see Table 1.10). This differentiation
attempts to classify shunt lesions according to excessive pulmon-
ary blood flow (left-to-right shunt), or inadequate pulmonary
blood flow (right-to-left shunt). Many diseases that start as acya-
notic lesions may progress to cyanotic lesions as they approach
an end-stage. The dynamic nature and complexities of the
lesions, as well as the consequences of surgical repairs, further
complicate the classification of CHD. (see Table 1.10). Generally,
pregnant women with congenital shunt lesions have favorable
outcomes provided they have minimal functional impairment
and good myocardial function.'®

Atrial septal defects

There are five different subtypes of atrial septal defect (ASD).
These include patent foramen ovale (PFO), secundum ASD (80%
of ASD), primum ASD, sinus venosus ASD with partial anomalous
pulmonary venous return (PAPVR), and unroofed coronary sinus.

Table 1.10 Classification of congenital heart disease

Atrial septal defects®
Ventricular septal defects®

Acyanotic shunt lesions
Left-to-right shunts
Patent ductus arterioses (PDA)“
Tetralogy of Fallot (TOF)
Ebstein’s anomaly

Cyanotic shunt lesions
Right-to-left shunts
Post bidirectional Glenn or preFontan
procedure
Post fenestrated Fontan procedure with
elevated pulmonary artery pressure
Truncus arteriosus
Total anomalous pulmonary venous return
Tricuspid atresia
Hypoplastic left heart syndrome
D-transposition of the great arteries
Nonshunt lesions Coarctation of the aorta
Valvular heart lesions
Cardiomyopathies
Fully corrected shunt lesions (ASD, VSD,
PDA, TOF)
Post nonfenestrated Fontan procedure
L-transposition of the great arteries

“NonEisenmenger
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e PFO results from intact primum and intact secundum septal
fusion failure, and remains patent or probe-patent in an esti-
mated 30% of adults.' """

e Secundum ASD represents an omission of a portion of the
septum secundum and is typically located at the midportion
of the interatrial septum.

e Primum ASD represents an omission of a portion of the septum
primum and is also associated with a cleft anterior mitral valve
leaflet with resultant mitral valve regurgitation. Primum ASD
increases risk for LV dilatation and systolic dysfunction, LA
enlargement, atrial fibrillation, pulmonary hypertension, and
RV dysfunction.

e Sinus venosus ASD represents an omission of the portion of the
septum secundum proximal to the superior vena cava (SVC). It
causes PAPVR into the right atrium (RA) instead of the LA.

e Unroofed coronary sinus ASD represents an absence of a parti-
tion between the LA and the coronary sinus. This leads to
oxygenated LA blood communicating with deoxygenated RA
blood via the coronary sinus conduit.

Isolated ASD lesions originate as predominately left-to-right
shunts. The amount of interatrial flow is dependent on the defect
size, the relative RA to LA pressure gradient, the presence or
absence of atrial contraction, and relative LV and RV compliances
during diastole when the atrioventricular valves are open.
Chronic atrial level shunting results in RA and RV volume over-
load with subsequent RA enlargement and atrial dysrhythmias,
as well as RV dilatation and RV systolic dysfunction. The pulmon-
ary overcirculation will eventually culminate in pulmonary hyp-
ertension, RV hypertrophy, and both RV diastolic and systolic
dysfunction. Ultimately, Eisenmenger syndrome can develop as
defined by reversal of shunt flow direction (due to fixed pulmonary
vascular obstructive changes). Progressive hypoxemia, polycythe-
mia, and right-sided heart failure (jugular venous distension, liver
congestion, ascites, protein-losing enteropathies) may eventually
develop.

Management principles

The management of the parturient with ASD depends upon the
underlying lesion and its clinical consequences. In the absence of
clinical evidence of RV dysfunction or pulmonary hypertension,

ASD is well tolerated during pregnancy.'®>'% If there is cyanosis,

RV dysfunction, or pulmonary hypertension, then invasive moni-

tors and real-time echocardiographic monitoring may be

required. Removal of air from all venous lines is essential in
order to avoid systemic air emboli (particularly coronary and
cerebral emboli).

Hemodynamic goals:

e Maintain RA contraction. Normal sinus rhythm preser-
vation is critical, especially in the setting of RV diastolic
dysfunction from pulmonary hypertension-induced RV hyper-
trophy. Both atrial fibrillation and flutter lead to loss of normal
atrial contribution to ventricular preload. Rapid atrioventricu-
lar conduction will further exacerbate the deleterious effects
of these dysrhythmias by causing insufficient ventricular filling
time. Antidysrhythmic agents or direct-current synchronized
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cardioversion should be considered in this patient population,
only after LA thrombosis formation has been ruled out by
echocardiography. Antidysrhythmics and rate-controlling
medications may be required (e.g. amiodarone, calcium
channel blockade, beta-blockade, digoxin). Prior to their
administration, cardiologists and obstetric care providers
should be consulted so that any adverse effects on the parturi-
ent and fetus (e.g. thyroid dysfunction from amiodarone) can
be monitored (see Chapter 2).

e Maintain high to normal heart rates. This augments RV CO in
the setting of impaired RV preload (diastolic dysfunction) and
RV SV (systolic dysfunction). High to normal heart rates are
essential in the setting of primum ASD where the added chrono-
tropy will help reduce the overall mitral valve regurgitation
fraction by reducing mitral valve annular diastolic distention.

e Maintain RV preload. A dilated RV with tricuspid regurgitation
will require a large RV preload to ensure an adequate SV is
available to maintain adequate forward CO and to compensate
for the regurgitant back flow. In addition, the restraining effects
of a noncompliant RV will cause a fixed upper-limit preload on
the RV. Ensuring the RV is maximally filled during diastole is
important; otherwise SV, and hence overall pulmonary CO, will
be impaired. Proper positioning to avoid aortocaval compres-
sion and anticipation of blood loss during delivery will help to
maximize RV preload.

e Contractility will need to be augmented in patients with RV
systolic dysfunction in order to maintain pulmonary blood flow
(PBF). This intervention is particularly important in the pri-
mum ASD parturient where concomitant LV systolic dysfunc-
tion may coexist. Patients with primum ASD will also benefit
from the systolically augmented RV pushing more blood
through the pulmonary circuit to the dilated LV. Adequate LV
preload is necessary to offset the fractional loss of forward SV
to the backward mitral regurgitation jet during systole.

e Prevent increases in pulmonary vascular resistance (PVR) (see
Table 1.9).

e Maintain SVR to allow adequate right coronary artery perfu-
sion pressure to the hypertrophied RV.

Anesthetic options

For parturients with ASD undergoing a trial of labor, it is import-
ant to provide good analgesia and to minimize the cardio-
vascular stress of labor and delivery.' Epidural (continuous or
patient controlled), CSE, or continuous spinal analgesia (CSA)
are all acceptable neuraxial analgesic techniques. However, if
the patient exhibits any coexisting coagulation abnormalities
or is taking anticoagulants, then neuraxial regional anesthesia
should be approached with appropriate caution according to
established guidelines (see Table 1.7). Neuraxial anesthetic tech-
niques, type of analgesics, dosages, and combination of agents
should all be selected with consideration of their therapeutic
benefit (pain reduction, positive hemodynamic goal attainment)
versus potential deleterious side effects (e.g. hypotension).
Techniques that provide effective analgesia with minimal, slow-
onset hemodynamic changes are ideal. Neuraxial local anesthetics

will cause a sympathetically mediated decrease in SVR and
hence a relative hypovolemia. Obstetric anesthesiologists need to
anticipate any accompanying loss of SVR with appropriate volume
replacement and the judicious use of vasoconstrictors. To mini-
mize hemodynamic disturbances, slow titration of epidural or
intrathecal medication is preferable to a single-shot spinal tech-
nique. For maintenance of labor analgesia, a continuous infusion
of the lowest possible concentration of local anesthetic is prefer-
able, avoiding, if possible, a large intermittent bolus administra-
tion. Saline should be used to determine loss of resistance when
locating the epidural space, so as to avoid accidental i.v. injection
of air and paradoxical systemic air embolism. Neuraxial opioids
have minimal hemodynamic side effects compared to local anes-
thetics. They can augment the analgesic effects of neuraxial local
anesthetics, therefore allowing the use of lower concentrations of
local anesthetic with less potential for vasodilation and hypoten-
sion. Assisted vaginal delivery to minimize the cardiovascular
stress associated with delivery is useful. Analgesic augmentation
may be necessary to facilitate assisted delivery.

Since regional anesthesia for C/S has advantages for the mother
and fetus, GA is reserved for parturients who require C/S but
have contraindications to neuraxial techniques (e.g. coagu-
lopathies, emergency C/S, patients who have severe orthopnea,
or patients in cardiopulmonary extremis). Patients with RV
failure may have edematous laryngeal tissue due to poor central
venous drainage, and this may predispose to difficult intubation
conditions. Other drawbacks to GA include loss of endogenous
catecholamine balance, which may unmask a failing ventricle
and positive-pressure ventilation induced loss of venous return.
Advantages of GA include (1) the ability to manipulate oxygena-
tion, ventilation, and anesthetic depth, which are central to the
management of patients with severe pulmonary hypertension; (2)
the ability to administer the inhaled pulmonary vasodilator nitric
oxide; and (3) the ability to use TEE for immediate assessment of
cardiopulmonary function.

The choice between regional and GA should be individualized
and based on the clinical impact of the ASD. The anesthetic
technique should allow the anesthesiologist the best chance of
controlling hemodynamic parameters. The risk/benefit ratio of
any anesthetic technique must involve an understanding of the
pathophysiology of the cardiac lesion."*

Ventricular septal defects

Ventricular septal defects (VSDs) are the most common structural
heart defect, (approximately 20-35% of all CHD lesions).'"!¢%1%6
There are four major anatomical subtypes of VSD (see Table 1.11).
These include perimembranous (PM), muscular, outlet supra-
cristal subarterial (SCSA), and inlet atrioventricular (AV) canal
(see Table 1.11). A VSD is often part of a more complex cardiac
anomaly (e.g. Tetralogy of Fallot).

Management principles

The management of a parturient with a VSD is very similar to that
of a patient with ASD with two major exceptions. Firstly, patients
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Table 1.11 Cclassification of ventricular septal defects (VSD)

VSD subtype Incidence Description
Perimembranous Most common subtype Located in the membranous portion of the interventricular septum (IVS), which stretches
(80% of VSD) between the conal-trigone and muscular septa.

Muscular 10% of VSD Situated within the muscular-trabecular region of the IVS. Often consists of multiple holes
(“Swiss-cheese-like” in appearance).

Supracristal 4% of VSD Located distal to the crystal supraventricularis and proximal to the semilunar valves. Usually

subarterial associated with aortic valve insufficiency as the right 4+ noncoronary aortic valve leaflets

tend to prolapse via a VSD-generated Venturi jetstream effect during diastole.

Inlet atrioventricular 6% of VSD Located in the posterior IVS juxta-tricuspid valve area. Often associated with complete AV

canal

canal defects.

with unrestricted shunt flow (i.e. no pressure gradient between
the LV and the RV) are predisposed to both accelerated congestive
heart failure (CHF) and pulmonary hypertension from the pul-
monic overcirculation. Secondly, left-to-right VSD shunt flow
can be attenuated by SVR reduction, unlike left-to-right ASD
shunt flow, which is uncoupled to SVR.

Anesthetic options

Neuraxial or GA can be used provided the onset of analgesia or
anesthetic is initiated in a slow, controlled manner with appro-
priate hemodynamic monitoring. (See various anesthetic options
described under ASD.)

Patent ductus arteriosus

Patent ductus arteriosus (PDA) represents 8-15% of CHD
lesions.'® Patent ductus arteriosus consists of a retained vascular
communication between the left pulmonary artery and the prox-
imal descending thoracic aorta distal to the left subclavian artery.
A large PDA mimics an unrestricted VSD in that it can lead to
pulmonic overcirculation with resultant CHF and pulmonary
hypertension. As pulmonary hypertension develops, the left-to-
right shunting will diminish and ultimately reverse, resulting in
Eisenmenger syndrome.

Management principles (see Atrial septal defects)

The focus of hemodynamic management is to assess the severity of
the lesion and to determine the degree of secondary pathophysiol-
ogy. If the parturient has a small PDA with no signs or symptoms of
pulmonary hypertension, RV failure, or hypoxemia, then labor or
C/S will likely be uneventful. If, however, there is associated pul-
monary hypertension, RV failure, or hypoxemia, then RV inotropic
support (e.g. epinephrine, dopamine, milrinone, dobutamine),
PVR reduction, SVR maintenance and normovolemia are required.
Maintenance of SVR and volume status are also important.

Anesthetic options

The choice between various neuraxial techniques for labor, and
between regional versus GA for C/S, should be based on patient
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condition and the desired hemodynamic goals. (See various anes-
thetic options described under ASD.)

Cyanotic congenital heart lesions

Congenital heart disease with right-to-left shunt is associated
with recirculation of poorly saturated blood. Peripheral cyanosis
occurs when >5g/dl of unsaturated hemoglobin is present.
Cyanosis varies directly with hematocrit. It is important to
remember that an anemic parturient with poor oxygen saturation
may not manifest cyanosis, whereas with polycythemia, cyanosis
appears at higher oxygen saturations.'®’ Cyanotic lesions are
more likely associated with congestive heart failure, worsening
of functional status, fetal loss, preterm labor, and IUGR.'® Fetal,
not maternal factors are usually responsible for intolerance of the
pregnancy and labor.' %’

A physiologic response to hypoxemia in women with cyanotic
lesions is polycythemia, which is a useful compensation up to a
hematocrit of 60%. An increase in blood viscosity beyond this level
offsets any advantages that an increase in hematocrit brings in
terms of oxygen delivery. Symptoms of hyperviscosity include
headache, sluggish mentation, disorientation, double-vision, fati-
gue, muscle weakness, myalgias, and paresthesias.'®’ Polycythemia
contributes to tissue ischemia in low flow states because of the
increase in blood viscosity and can lead to thrombosis in situ.
Maternal hematocrit >60%, SaO, <80%, RV hypertension, and
syncopal episodes are all poor prognostic signs in pregnant
women with CHD.""’ Cyanotic CHD may be associated with multi-
ple coagulation factor deficiencies increasing the risk of peripartum
bleeding."®’

Tetralogy of Fallot

Tetralogy of Fallot (TOF) is the most common cyanotic CHD
lesion and accounts for 5-15% of CHD.”” Parturients with TOF
have an increased risk of adverse events including ventricular
failure, dysrhythmias, embolic phenomena, increased fetal loss,
and congenital fetal abnormalities.'”' Tetralogy of Fallot consists
of (1) nonrestrictive VSD; (2) over-riding aorta; (3) dynamic sub-
pulmonic right ventricular outflow tract (RVOT) obstruction; and
(4) RV hypertrophy. The worse the RVOT obstruction, the greater
the right-to-left shunt of blood through the VSD.
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Other possible secondary pathologies include RV systolic
and diastolic dysfunction, and end-organ visceral damage
from chronic hypoxemia, polycythemic microvascular sludging
and reduced CO. Most parturients with TOF have undergone
surgical correction or palliation during childhood. Pregnancy-
induced cardiovascular changes can unmask residual symp-
toms of surgically corrected TOF. Patients with fully corrected
TOF usually tolerate pregnancy well; however, dysrhythmias,
thromboembolic events, and progressive failure may compli-
cate pregnancy.'”!

If the parturient has a history of corrective surgery during
infancy or childhood, then severe pulmonic insufficiency may
arise secondary to trans-pulmonic valve annular patching. Right
ventricular dilatation, RV systolic failure, and elevated RA pres-
sures may subsequently develop. Ventricular septal defect patch
or oversew leaks should be ruled out by echocardiography and by
checking baseline room air oxygen saturation.

Hemodynamic goals for uncorrected TOF include:

e Maintain normal sinus rhythm to augment RV diastolic filling.

e Maintain adequate RV preload to relieve the dynamic RVOT
obstruction.

e Reduce chronotropy to minimize RVOT muscular infundibular
spasm.

e Avoid increases in inotropy (e.g. catecholamine surges during
labor), which may worsen the dynamic RVOT obstruction.

e Maintain SVR to keep the VSD shunt going left-to-right and to
augment right coronary artery perfusion to the hypertrophied
RV.

If the parturient with TOF is post transpulmonic valve annular

patch repair with residual severe pulmonic insufficiency, then it is

important to:

(1) Maintain RV preload to compensate for the RV dilatation.

Augment preload with i.v. fluids and avoid sudden decreases

in preload following neuraxial or GA.

Maintain RV inotropy if RV systolic dysfunction is present

with appropriate inotropes (e.g. epinephrine, dopamine, mil-

rinone, dobutamine).

Maintain RV chronotropy to decrease the diastolic run-off of

pulmonary artery blood into the RV through the incompetent

or absent pulmonic valve. Heart rates can be maintained with
inotropes or anticholinergics as indicated.

Decrease PVR to reduce regurgitant pulmonary artery blood

flow back into the lower resistant RV during diastole (see

Table 1.9).
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Anesthetic options

Various anesthetic and analgesic techniques have been used in
patients with TOF for vaginal birth and C/S.'”” The choice
between various neuraxial techniques for labor, and between
regional versus GA for C/S, should be based on the patient’s
condition and the desired hemodynamic goals (see Atrial septal
defects).

Ebstein anomaly

Ebstein anomaly represents less than 1% of all CHD defects.

Although quite variable in its presentation, the basic pathophy-

siologic features of Ebstein anomaly include:

(1) A downward displacement of both posterior and septal tricus-
pid valve leaflets into the RV such that the basal portion of the
RV becomes “atrialized”. This leads to diminished RV cavity size
and results in decreased right ventricular stroke volume and CO.

(2) A redundant anterior tricuspid valve leaflet that can cause an
obstruction to blood flow through the right side of the heart.

(3) Tricuspid valve regurgitation with concomitant elevated RA
pressures and RV systolic dysfunction.

(4) APFO or secundum ASD with right-to-left shunting due to the
high RA pressures.

(5) An increased incidence of supraventricular reentry tachydys-
rhythmias.

Management principles

The management of a parturient with Ebstein anomaly centers on
the severity of the dysrhythmias and right heart failure. Reentry
atrial tachydysrhythmias can be managed either medically or by
radiofrequency ablation techniques. Right ventricular systolic
dysfunction may require exogenous inotropic support, especially
as CO requirements increase during pregnancy and delivery.
Heart rates should be kept elevated to both minimize tricuspid
regurgitation and to maintain pulmonary arterial flow, since RV
stroke volume is already impaired. Pulmonary vascular resistance
reduction will help minimize regurgitation across the tricuspid
valve and promote forward pulmonary CO.

Anesthetic options

General and regional anesthesia have been used successfully in
patients with Ebstein anomaly for labor and C/S.""*'"*'™ The
choice between various neuraxial techniques for labor, and
between regional versus GA for C/S, should be based on the
patient’s condition and the desired hemodynamic goals
(see Atrial septal defects).

Coarctation of the aorta

Aortic coarctation comprises approximately 6-8% of the CHD
population. Most coarctations are located distal to the left subclavian
artery and juxta-opposite the remnant ductus arteriosus tissue (liga-
mentum arteriosum). Patients with an uncorrected coarctation who
reach adulthood generally develop collateral blood flow through
nonductal arteriosus mechanisms to allow for viable postcoarctation
distal aortic perfusion. Clinically, patients with aortic coarctation
exhibit proximal hypertension, distal hypotension, systolic ejection
murmurs, LV hypertrophy, and LV diastolic dysfunction. Pregnancy-
related changes (decreased SVR, increased blood volume, and
increased CO) are poorly tolerated by patients with a coarctation.
They are also at increased risk of ascending aortic arch complica-
tions (dilatation, aneurysm, and rupture) and premature coronary
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artery disease. Coexisting congenitally malformed bicuspid aortic
valves may predispose these patients to accelerated AS.

Management principles

Management of parturients with coarctation of the aorta is simi-
lar to that of fixed supravalvular aortic stenosis (see Aortic steno-
sis). The only caveat is that proximal BP (brain, heart) must be
measured in the right upper extremity while distal BP (utero-
placental, mesenteric) should be measured in the lower extremity.
In addition, proximal hypertension secondary to a coarctation can
masquerade as preeclampsia, therefore separate upper and lower
extremity BP measurements can help differentiate the two condi-
tions. Preeclampsia in a parturient with a coarctation would be a
unique situation that requires aggressive treatment of the proximal
hypertension. Although rare, the major maternal risk from a coarc-
tation is aortic dissection, so BP should be aggressively managed.’
The treatment of upper-limb BP may lead to excessive hypoten-
sion below the aorta, causing uteroplacental insufficiency and fetal
compromise.”

Anesthetic options

Anesthetic choices and considerations are similar to those for
patients with aortic stenosis (see Aortic stenosis). Epidural, CSE,
and spinal block for labor analgesia and C/S have been used
successfully in parturients with coarctation of the aorta.' """
Single-shot spinal anesthesia is a poor choice due to the potential
for precipitous cardiovascular changes.'”” If GA is undertaken, BP
increases during endotracheal intubation and surgical stimulation
should be minimized (see Aortic stenosis).

Other congenital heart disease lesions

There are many CHD lesions beyond the scope of this chapter.
Brickner et al. have described various rare CHD lesions.'"?'
Many lesions are incompatible with life or longevity. Some
lesions are very rare and therefore are unlikely to present during
pregnancy.

There are a number of reports of patients with transposition of
the great vessels during pregnancy. Neuraxial and GA have been
successfully performed for labor and C/S."*"'%*'% Pregnancy is
usually well tolerated in the asymptomatic patient with corrected
transposition of the great vessels.'*’

Truncus arteriosus is a rare congenital malformation with a
poor prognosis if left untreated. It occurs when only one artery
arises from the heart to give rise to the systemic, pulmonary, and
coronary arteries. Pregnant patients will usually have surgically
corrected lesions and survival to the reproductive years is seen.
Management and anesthetic options for C/S have been described
in women with truncus arteriosus.' %'

The management of pregnant women presenting with complex
congenital heart lesions must be individualized. Both general and
regional anesthetic options have been used to manage pregnant
patients with complex congenital heart lesions in the obstetric
Settlng 187,188,189,190
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Patients with congenital valvular lesions (e.g. pulmonary ste-
nosis and AS) may present during pregnancy. The management
and anesthetic options of congenital valvular lesions are similar
to those of aquired valvular lesions (see Valvular lesions).
Percutaneous balloon valvuloplasty is the option of choice in
patients with severe symptomatic pulmonary valvular stenosis
during pregnancy.'” Labor and C/S in patients with pulmonary
stenosis have been successfully managed with epidural, CSE, and
continuous spinal anesthesia.®® """’

Due to the rarity and heterogenicity of many adult CHD lesions,
good evidence-based literature to guide management and
anesthetic options is lacking. While case reports present useful
information, they may be limited in their applicability to other
patients with a similar lesion. Slight differences between repor-
ted cases can have significant hemodynamic consequences.
Management guidelines from experts and consensus panels
may be valuable sources of information to help plan the manage-
ment of patients with adult CHD.'”” The desired hemodynamic
goals, the choice between regional versus GA for C/S, and analge-
sic options for labor pain, must be individualized and should be
based on the woman’s specific lesion and pathophysiology.

surgically corrected congenital heart disease

Most significant CHD lesions, or lesions that are not compatible
with longevity, are usually surgically repaired before pregnancy.
Asymptomatic patients with repaired CHD usually tolerate
pregnancy and delivery without complications. However,
patients with repaired CHD may have residual defects and under-
lying myocardial dysfunction. Delayed repair of CHD is more
likely to be associated with residual ventricular dysfunction.
Successful surgical repair of cyanotic CHD lesions prior to preg-
nancy results in a significant improvement in maternal and neo-
natal outcomes.'’”

There are many palliative and corrective surgical procedures
for CHD (see Table 1.12). Each corrected CHD lesion must be
individualized and its current pathophysiological function, as
well as the original anatomical lesion, should be considered
when planning patient management. Case reports provide inter-
esting, but patient-specific, management plans. Guidelines pro-
duced by the European Society of Cardiology may help guide the
management of surgically repaired CHD lesions.'*’

Fontan repair

The Fontan procedure is synonymous with total caval-pulmonary
arterial direct continuity. The procedure is usually the final stage
in a multisurgical approach to correct certain CHD lesions (tri-
cuspid atresia, hypoplastic left heart syndrome, double inlet ven-
tricle, and pulmonary atresia). All post-Fontan patients are
considered univentricular, meaning they have been converted
to single ventricular physiology, which is solely responsible for
supporting systemic CO. This ventricle can be either a morpho-
logic RV or a morphologic LV. If the systemic ventricle is a mor-
phologic RV (as is the case with hypoplastic left heart syndrome),
then one needs to have a heightened expectation of encountering
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Table 1.12 Common surgical procedures for congenital heart disease

Procedure Description Result
Modified Blalock- Brachiocephalic artery to pulmonary artery anastomosis; Increases pulmonary blood flow
Taussig palliative procedure
Fontan Anastomosis or conduit between IVC and pulmonary artery; Increases pulmonary blood flow
palliative procedure
Bidirectional SVC to pulmonary artery anastomosis; palliative procedure Increases pulmonary blood flow
Glenn

Atrial switch

onto the correct ventricles; corrective procedure

Mustard Arterial switch with intra-arterial pericardial baffle; corrective
procedure

Rastelli Valved conduit from RV to pulmonary artery; corrective procedure

Ross Pulmonary autograph to aorta; corrective procedure

Senning Atrial switch with atrial wall baffle; corrective procedure

Transection and reimplantation of aorta and pulmonary artery

Creates normal relationship between the ventricles and
the great vessels in transposition

Reestablishes correct flow sequence to pulmonary
artery and aorta in D-transposition

Increases pulmonary blood flow

Correction of aortic stenosis

Reestablishes correct flow sequence to pulmonary
artery and aorta in transposition

Adapted from Segar, D. S. Common surgical procedures for congenital heart disease. ACC Current Journal Review 1996; 5: 46.

morphologic RV systolic failure as the patient reaches adulthood
or is exposed to the increased CO demands of pregnancy. A
morphologic RV is not designed to pump chronically against
SVR and will begin to fail over the years or under physiologic
high-output states (e.g. exercise or pregnancy).

The hallmarks of management post-fontan repair are the main-
tenance of univentricular systolic function and the abatement of
pulmonary arterial pressure elevation. Since pulmonary CO is
passively driven by the gradient between the CVP and PAP, it is
necessary to keep PVR as low as possible. Factors that contribute
to PAP elevation (see Table 1.9) warrant close attention. Embolic
material entering the pulmonary arterial tree could significantly
impede pulmonary blood flow since there is no ventricular pump
to force blood past the obstruction. A small subset of post-Fontan
patients will have a “fenestrated” modification, which means
that an intentional potential right-to-left “pop-off” hole has been
created to decompress high central venous pressures. The “pop-
off” effect will preserve systemic CO and minimize the adverse
effects of caval congestion at the expense of oxygen desaturation.

Pregnancy post-Fontan operation is usually well tolerated
although there is a 2% risk of death.'”® Favorable anesthetic
management of pregnant women who have previously under-
gone Fontan repairs has been reported.'”"'*” Successful manage-
ment of a patient with Fontan physiology mandates a thorough
understanding of the hemodynamic consequences of this proce-

dure and the alterations during pregnancy.'”

Pulmonary hypertension and Eisenmenger
syndrome

Pulmonary hypertension is defined as a mean PAP >25mmHg at
rest (>30 mmHg during exercise and pregnancy). Pulmonary hyper-
tension secondary to cardiac disease may result from longstanding
high pulmonary blood flow due to systemic-to-pulmonary shunts,
venous hypertension from cardiac or valvular dysfunction, or

chronic thromboembolic disease. Overall maternal mortality is
very high (approximately 30-50%) and has not improved signifi-
cantly over the years despite improvements in medical care and
multidisciplinary management.'?”

Symptoms of pulmonary hypertension are nonspecific and
often difficult to differentiate from normal pregnancy symptoms.
The most frequent symptom is progressive dyspnea in addition to
fatigue, chest pain, peripheral edema, and syncope.'”® Cardiac
catheterization is the gold standard for assessment of pulmonary
hypertension. Echocardiography provides good information of
the underlying cardiac defect, myocardial function, and PAP.
However, echocardiography may overestimate PAP in pregnant

patients with suspected pulmonary hypertension.'””

Eisenmenger syndrome

This is the final end-stage condition where bidirectional or right-to-
left shunting between the systemic and pulmonary circulations
occurs as a result of increased pulmonary pressures that approach
systemic pressures. Eisenmenger syndrome (ES) may develop in
longstanding CHD lesions with large left-to-right shunts and high
pulmonary blood flow (e.g. large ASD, VSD, PDA, or large surgical
systemic-pulmonary anastomoses following palliation or definitive
repairs of CHD). The pulmonary hypertension is secondary to struc-
tural changes in the pulmonary vasculature that eventually results
in shunt reversal when PAP finally exceeds systemic pressure.

The maternal mortality in patients with ES is very high, ranging
from 23-40%.”°%?°"?°> Women with pulmonary hypertension or
ES should not become pregnant and therapeutic terminations
should be offered if patients present early in their gestation.

Management principles

e Monitoring: Continuous ECG and pulse oximetery with inva-
sive arterial monitoring should always be used.'”’ Pulmonary
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artery catheterization is controversial and the risk of the pro-
cedure should be balanced with the benefit of the additional
hemodynamic data that will be obtained.

e Itis crucial to maintain the delicate balance between systemic
and pulmonary pressures to avoid worsening right-to-left
shunting. Maintain SVR and avoid maneuvers that increase
PVR (see Table 1.9).

e Consider agents to improve pulmonary hypertension, for
example inhaled nitric oxide and inhaled or i.v. prostaglandins
(e.g. esoprostenol, iloprost). Intravenous esoprostenol has
been used successfully to manage a woman with ASD and ES
in late pregnancy.””” Inhaled nitric oxide transiently improved
oxygenation and PAP in a woman with ES in labor and post-
partum.”’* L-arginine and sildenafil have been used to treat a
woman with severe pulmonary hypertension and ES during
pregnancy, delivery, and postpartum with significant improve-
ment in the mother’s condition.””> Chronic medications (e.g.
calcium channel blockers) that the patient receives for pulmon-
ary hypertension and cardiac function should be continued.

e Maximize RV function by maintaining appropriate preload
and minimizing PVR increases (see Table 1.9). Increases in RV
pressure may worsen tricuspid regurgitation and cause the
interventricular septum to shift to the left, resulting in a reduc-
tion in LV function and CO.

e Provide adequate oxygenation during labor, delivery, and post-
partum. This may reduce hypoxic pulmonary vasoconstriction
and improve PAP. Oxygen may not improve saturation if sig-
nificant right-to-left shunting exists.

e Avoid sedatives that may decrease respiratory drive, increase
PaCO,, and therefore increase PVR (see Table 1.9).

e Patients are at higher risk for thromboembolic events com-
pared to healthy parturients.

e Use air filters if there is significant right-to-left shunting.
However, air filters increase i.v. line resistance and reduce the
ability to resuscitate the patient in the case of peripartum
hemorrhage.

e Vasoactive agents with predominantly chronotropic and ino-
tropic effects (e.g. ephedrine) or low doses of alpha-agonists
(phenylephrine) are preferable when treating hypotension,
since high doses of alpha-agonists may increase PVR.

e Uterotonic agents: hypotension and decreases in SVR may occur
with bolus administration of oxytocin. An infusion of the lowest
possible dose necessary to maintain uterine tone should be used
to minimize these cardiovascular effects. Oxytocin has been
used for induction of labor without adverse cardiovascular dis-
turbances. Prostaglandin F2-alpha can increase PVR and is rela-
tively contraindicated.® Similarly, methylergonovine should be
used cautiously in these patients as it also has the potential to
produce severe systemic hypertension.

Anesthetic options

Successful use of epidural analgesia has been reported for labor
and delivery analgesia®®® and good analgesia is important to
minimize cardiovascular disturbances. Opioids should be added
to minimize local anesthetic concentrations. A routine test dose
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should be omitted because of potential epinephrine-induced
tachycardia. In patients undergoing a trial of labor, an assisted
delivery will minimize expulsive efforts.

The choice between a vaginal birth and C/S will depend on the
patient, obstetric, and institutional factors (see Table 1.8).
Cesarean section has been associated with higher mortality in
patients with ES;*’" however, this statistic may reflect C/S in
patients with cardiac decompensation. Traditionally, GA has
been used in patients with pulmonary hypertension + ES. A
review of the literature by Martin et al.”’” reveals that the surgical
procedure and disease, rather than the anesthetic technique, had
the greatest impact on outcome. There is no evidence to suggest
any anesthetic technique is superior for C/S; however, a trend
towards a lower mortality rate is associated with regional anesthe-
ia.”"” There are a number of reports describing the successful use

sia
208209210 Continuous  spinal
211

of epidural anesthesia for C/S.
anesthesia has also been used for C/S in a woman with ES.
The stated advantages of this technique are titratable anesthesia,
less chance of failed or incomplete anesthesia, and less local anes-
thetic use. A single-shot spinal technique is not recommended
because of the critical importance of maintaining SVR and CO.

General anesthesia has a number of disadvantages, for example,
induction agents with myocardial depressive effects (see
Table 1.1), and positive pressure ventilation, which may decrease
venous return and increase ventilation/perfusion mismatch.
Potential advantages of GA include facilitating the use of intra-
operative TEE, and administration of inhaled or nebulized pul-
monary vasodilators. Transesophageal echocardiography is
valuable for patients at risk from hemodynamic disturbance.
Transthoracic echocardiography can be of value in monitoring
awake patients with regional anesthesia.”'”

A “cardiac” anesthetic utilizing induction agent with minimal
negative inotropic and SVR effects (e.g. etomidate) and an opioid-
based technique to reduce intubation and surgical response is
preferable. Neonatal respiratory depression must be anticipated
if high doses of opioids are used. Clinicians should be aware that a
slow cardiac induction of GA may lead to pulmonary aspiration.
Nitrous oxide can increase PVR and should be avoided if possible.
Contraction of the uterus and relief of inferior vena cava (IVC)
obstruction immediately following delivery can result in hyper-
volemia and cardiac decompensation. Careful use of vasodilators
with continuous monitoring may be useful at this time. Cardiac
decompensation and death are most likely to occur during the
postpartum period.”’” Patients should receive several days of
intensive care and remain in hospital for at least one to two
weeks postpartum.”’?

summary

Obstetric anesthesiologists should not be dogmatic about the
choice of anesthetic for parturients with heart disease. Due to
the variation and rarity of cardiac diseases in pregnancy there is
no good evidence based on randomized controlled studies to
guide our practice. An understanding of the hemodynamic
changes associated with pregnancy and the functional impair-
ment of the structural cardiac lesion in question is most
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important in providing optimal conditions for labor and delivery.
Treatment options must be individualized and based on the
patient’s hemodynamic condition and obstetric needs.
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DISORDERS OF CARDIAC CONDUCTION

Jean E. Swenerton, Ravishankar Agaram, and Victor F. Huckell

Introduction

Disorders of cardiac conduction seen in pregnancy are those
involving abnormal impulse generation or propagation (supra-
ventricular, ventricular dysrhythmias, heart blocks) and specific
conduction disorders (preexcitation syndromes, long QT syn-
drome). The clinical implications and current management
of some familiar disorders of conduction during pregnancy are
discussed but there is an emphasis on the more uncommon
disorders of cardiac conduction.

Physiologic heart rate and rhythm changes
in pregnancy (see Table 2.1)

In conjunction with the antepartum rise in blood volume, resting
heart rate (HR) increases steadily by 10-15% throughout preg-
nancy, reaching a peak of 10 to 20 beats above baseline during
the third trimester. During labor and delivery, sinus tachycardia
is seen, with maximal HR occurring peripartum.’ Parturients with
more labor pain may have higher sympathetic tone and higher
peripartum HR.

Electrocardiogram (EKG) changes during pregnancy include
shift of QRS axis in any direction, the appearance of small q
waves in Lead III, T wave inversion and, commonly, ST-T changes.
ST segment depression, coinciding with maximal HR and usually
asymptomatic, has been reported during nonoperative and opera-
tive deliveries. ST changes may result from tachycardia, hormonal
milieu, heart position changes, venous air emboli, hypokalemia,
and hyperventilation.” It is unclear whether the sympathectomy
produced by regional anesthesia affects the ECG but both ST seg-
ment depression (>1mm) and ST elevation have been reported
during cesarean section (C/S).” The clinical significance of ST
changes remains uncertain. An uncomplicated nonQ wave ante-
rolateral myocardial infarction (MI) was reported in a primigravida
receiving ritodrine and nifedipine for preterm labor at 28 weeks’
gestation.” Coronary angiography was normal two days later
and she had an uncomplicated spontaneous vaginal delivery at
40 weeks’ gestation.

Dysrhythmias during pregnancy

There may be an increased propensity for tachydysrhythmias
(mainly supraventricular) during pregnancy.”” As the circulation
becomes more hyperdynamic some women become more aware
of the heart beat, changes in HR, and skipped beats. Proposed
mechanisms for pregnancy-induced dysrhythmias include
changes in cardiac ion channel conduction, increase in cardiac
size (atrial stretch, increased end-diastolic volume), changes in

autonomic tone, and hormonal fluxes.”” Cardiac dysrhythmias
are more common in parturients with structural cardiac defects
(e.g. atrial (ASD) and ventricular septal defects (VSD)), or with
abnormal conduction pathways. These dysrhythmias may occur
for the first time or be exacerbated by the cardiovascular changes
of pregnancy. Long QT syndrome (LQTS), more common in
young women compared to the general population, may be asso-
ciated with ventricular dysrhythmias. Right ventricular (RV) out-
flow tract dysrhythmias’ and supraventricular tachycardias (SVT)
with reentry are more common in women,”’ and may occur
during pregnancy. Other causes of cardiac dysrhythmias during
pregnancy include electrolyte imbalance (hypokalemia, hyperka-
lemia), drug interactions (anesthetic drugs, antidysrhythmic
drugs, cocaine), and hypo- or hyperthyroidism.

Premature ectopic atrial and ventricular depolarizations (PAD,
PVD) and sinus tachycardia are the most common dysrhythmias
during pregnancy. Premature atrial beats, generally benign and
well tolerated, occur in approximately 50% of women.

Palpitations, dizziness or light-headedness, dyspnea, presyn-
cope and syncope, and chest pain are presenting complaints of a
cardiac dysrhythmia (in descending order of frequency). Shotan
et al.” compared the incidence of dysrhythmias in 110 pregnant
women without structural heart disease who had palpitations,
dizziness, or syncope with 54 pregnant women with an asympto-
matic functional precordial murmur. Both groups had a high
incidence of dysrhythmias on Holter monitoring (PAD in 56%
of symptomatic women vs. 58% of asymptomatic women).
Simple and multifocal PVD were higher in symptomatic women.
There was no correlation between symptoms and the incidence
of dysrhythmias (only 10% of symptomatic episodes had a dys-
rhythmia). Six weeks’ postpartum, there was significant decrease
in the incidence of dysrhythmia in nine parturients with docu-
mented multiple premature beats,” consistent with reports of an
increased propensity for tachydysrhythmias during pregnancy.
Although dyspnea severe enough to limit activity and syncope
with exertion may be normal during pregnancy, these symptoms
warrant careful evaluation.

During labor and delivery, nearly all parturients have some
form of dysrhythmia'® (see Table 2.2), which usually has no
hemodynamic consequences and rarely requires treatment.
Hemodynamically significant dysrhythmias are uncommon
and life-threatening dysrhythmias during pregnancy and labor
are rare.

As the fetus is vulnerable to the effects of maternal dysrhy-
thmias and their treatment, fetal well-being is a vital considera-
tion in the decision to treat a dysrhythmia and in the choice of
treatment.
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Table 2.1 Physiological cardiovascular changes of pregnancy

Cardiac Begins early pregnancy
output 1 2nd and 3rd trimesters

Interindividual variability®
Further | during labor and delivery”

Heart rate 1 steadily through pregnancy
Peak 10-20 bpm above baseline 3rd trimester
1 with pain and stress

Rhythm PAD and PVD common

ECG Shift of QRS axis in any direction
Small rightward deviation of average mean QRS axis
(1st trimester)
Small leftward deviation due to progressive elevation
of left hemidiaphragm (3rd trimester)
Lead III: small Q-T wave inversion
Transient ST-T changes common

“See text

b Depends on physiological changes, blood loss, stress of delivery
PAD = premature atrial depolarizations; PVD = premature ventricular
depolarizations; bpm = beats per minute

Table 2.2 Dysrhythmias recorded during labor among

30 women

no. (%)

Sinus node dysfunction

tachycardia 30 (100)

bradycardia 15 (50)
Supraventricular dysrhythmia

isolated PAD 27 (90)

nonconducted P waves 4 (13)

ectopic atrial tachycardia 3 (10)

wandering atrial pacemaker 2(7)

sinus pause 1(3)

retrograde P waves 1(3)
AV junctional dysrhythmia

accelerated idioventricular rhythm 1(3)
Ventricular dysrhythmia

isolated PVD 15 (50)

multifocal PVD 5(17)

couplet 2

aberrant intraventricular block 3 (10)
AV block

first degree 1(3)

second degree, type [ 13)

PAD = premature atrial depolarizations; PVD = premature ventricular
depolarizations; AV = atrioventricular

Diagnosis and management of dysrhythmias

A parturient may present with a new acute dysrhythmia during
labor where urgent diagnosis and treatment is required, or with a

30

preexisting dysrhythmia on established drug therapy. In both
cases, knowledge of the dysrhythmia, antidysrhythmic drugs,
and other methods used to treat dysrhythmias is needed to for-
mulate a safe anesthetic plan. A cardiologist should be consulted
as early as possible; however, this is not always possible.

In the acute situation, assess the woman while supporting her
airway and breathing, administering oxygen, obtaining a 12-lead
ECG to identify the rhythm, and monitoring blood pressure (BP)
and oxygen saturation. In general, dysrhythmias in parturients
can be assessed by asking the following questions:

e Is the woman hemodynamically stable?
Is fetal well-being compromised?
Are there any causative or potentiating factors?

Is the dysrhythmia likely to progress into a more dangerous
dysrhythmia?

Is treatment required immediately?

e Istreatment appropriate in pregnancy and will it affect the fetus?
General principles of management (see Figure 2.1)

1. When there is no identifiable precipitating factor, no under-
lying heart disease, and no hemodynamic compromise, reas-
surance may be appropriate.

2. Successful management may require identification and elim-
ination of precipitating factors only.

3. Clinically significant dysrhythmias requiring treatment most
often occur in those who have underlying structural heart
disease and/or a history of preexisting dysrhythmia. In the
absence of clinically overt cardiac disease, the dysrhythmia
may be the initial manifestation of a congenital or acquired
structural heart abnormality (see Chapter 1).

4. Identification and evaluation of underlying heart disease and
choice of appropriate treatment are critical for a normal
maternal and fetal outcome.

5. If there is hemodynamic compromise, a sustained dysrhyth-
mia, or one predisposing to a ventricular dysrhythmia, immedi-
ate synchronized cardioversion is indicated. Serious signs and
symptoms are uncommon if the ventricular rate is < 150 bpm
(beats per minute) in women with healthy hearts. If impaired
cardiac function or significant comorbid conditions are pre-
sent, symptoms may occur at lower HRs. Definitive and pro-
phylactic treatment in the form of drug therapy, cardioversion,
or pacemaker therapy (temporary or permanent) is required
while monitoring the mother and fetus. Oxygen and left uterine
displacement should be ensured.

6. Diagnosing and treating serious dysrhythmias promptly and
appropriately minimizes the risk of embolic events.

7. Avoid myocardial ischemia and electrolyte imbalance in
women susceptible to dysrhythmias.

Cardiac assessment of conduction disorders
during pregnancy

Cardiology consultation'' is requested frequently when a preg-
nant woman has palpitations of uncertain etiology or signifi-
cance, or a specific conduction disorder.

Noninvasive diagnostic investigations (ECG, Holter event moni-
tor, echocardiogram) are preferred over radiographic studies,
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DYSRHYTHMIA

Precipitating factor(s)?

* Anxiety * Drug (therapeutic/abuse)

¢ Alcohol « Electrolyte abnormalities

* Caffeine * Endocrine/metabolic abnormalities
« Cigarettes * Pulmonary disease

Fewer implications

NO Structural heart disease?

YES

Important
implications

Diagnosis

* History

* Physical examination

* ECG/Holter monitoring
* Echo

* Chest x-ray

« Cardiac catheterization

* Electrophysiologic testing

Hemodynamic compromise?

NO Dysrhythmia sustained?

Dysrhythmia predisposing to
ventricular dysrhythmia?

YES

e Reassure

e Do not treat

Figure 2.1 Management of dysrhythmias during pregnancy.

cardiac catheterization, and electrophysiologic investigations in
order to avoid ionizing radiation exposure, procedure-induced
dysrhythmias, and/or hemodynamic compromise. Some radio-
graphic procedures, especially in the first eight weeks of preg-
nancy, may cause abnormal fetal organogenesis and increased

« Treat underlying disease/problem
* Definitive/prophylactic treatment
« Follow appropriate algorithm

* DRUG

* Proven safety record/“safest drug”
* Smallest effective dose

* Periodic assessment

*« CARDIOVERSION

* PACEMAKER

* ELECTRICAL/SURGICAL ABLATION

risk of childhood malignancy, particularly leukemia. Serial echo-
cardiographic assessments are useful with minimal maternal and
fetal risk (see Table 2.3). Chest radiographs are not ordered rout-
inely but, if required, appropriate pelvic shielding keeps fetal radia-
tion below minimally acceptable levels. When necessary, right
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Table 2.3 Noninvasive echocardiography assessment

during pregnancy

Two-dimensional Evaluation of LA dilation or thrombus
echocardiography

Doppler Transmitral gradients

echocardiography Mitral valve areas

Using atrioventricular pressure gradient
half-time

Two-dimensional exam technically
inadequate

Previous commissurotomy

Densely calcified leaflets

Intracardiac pressures (RV and PAP)
if tricuspid regurgitation

Transesophageal Visualization of thrombi (usually in

echocardiography LA appendage)

LA = left atrium; RV =right ventricle; PAP = pulmonary artery pressure

heart catheterization can be performed without fluoroscopy, using
a flow-directed catheter. Nuclear studies have little place in preg-
nant women.

Sinus node dysrhythmias

1. Sinus tachycardia occurs when the sinus node discharge rate
is >100 bpm. It is characterized by a gradual onset and offset
and is due to acceleration of Phase 4 diastolic depolarization
of the sinus node pacemaker cells. Sinus tachycardia may
result from a primary disorder of the sinus node (sinus node
reentry). Sinus tachycardia may be seen during pregnancy,
especially in the third trimester (earlier in twin pregnancy)
and at delivery without any pathological significance. Sinus
tachycardia is usually a physiological response and treatment
is rarely needed. If associated with an underlying pathological
state (e.g. fever, hemorrhage), the underlying problem should
be treated.

2. Sinus bradycardia is defined as a sinus node rate < 60 bpm.
It may be physiologically normal, especially in the physically
fit parturient, or abnormal, occurring in association with many
contributing factors outlined in the Advanced Cardiac Life
Support (ACLS) Bradycardia Algorithm.'” If there is hemody-
namic compromise, follow the ACLS bradycardia algorithm
with respect to treatment.'”

Parturients receiving spinal anesthesia for C/S may develop
sudden, severe bradycardia and hypotension. This may be
due to a rapidly ascending sensory block (> T2), with blockade
of cardioaccelerator fibers. In some individuals, it seems to
be associated with predominant vagal tone, and atropine
may be required in addition to volume expansion and
Vasopressors.

3. Wandering pacemaker is the result of shifting of the dominant
pacemaker from the sinus node to latent pacemakers in
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the atria or atrioventricular junction. It rarely requires
treatment.

4. Sinus node dysfunction/sick sinus syndrome (SSS) incorpor-
ates a range of abnormalities of sinus node impulse forma-
tion and conduction including sinus bradycardia, sinus arrest,
sinus exit block, sinoatrial and atrioventricular conduction
disorders, paroxysms of alternating rapid, regular, or irregular
atrial tachydysrhythmias with bradydysrhythmias. Although
more usual in the elderly, SSS may occur in patients under
age 30." The incidence of SSS during pregnancy is unknown.
Treatment depends on the dysrhythmia. Permanent pacing
may be necessary for bradydysrhythmias, and drug therapy
may be required for tachydysrhythmias. Schatz and colleagues
described a primigravida with Ebstein anomaly who had a
severe bradycardia-junctional tachycardia syndrome requir-
ing multiple drug treatments and temporary transvenous
pacing during delivery.'" Mendelson described a 32-year-old
woman who had occasional syncope associated with sinus exit
block. Pregnancy did not affect the frequency of syncopal
episodes and no therapy was required. She had three normal
term deliveries.'”

Atrioventricular (AV) blocks

Atrioventricular blocks, (first-, second-, third-degree), may be
caused by medications, electrolyte abnormalities, or structural
problems such as those resulting from acute MI and
myocarditis."”

First-degree AV block

A prolonged PR interval (>0.20s) is found in approximately 0.5%
of the normal population and may be secondary to increased
vagal tone, drugs, ischemia, and/or rheumatic heart disease."
During pregnancy, first-degree AV block usually results from
rheumatic heart disease, but if there is no underlying pathology
it is usually benign.

Second-degree AV block

Mobitz type I (Wenckebach) second-degree AV block is charac-
terized by a progressive lengthening of the PR interval until an
impulse is blocked (i.e. no QRS follows the blocked P wave). The
block is at the AV node, is often transient, and may be asympto-
matic. The condition is relatively benign and may occur during
sleep or whenever vagal tone is increased. It is commonly seen
in association with rheumatic fever, ischemia, and inferior wall
M]I, and it may result from medication. The block seldom pro-
gresses to complete AV block.” Treatment with pacing in patients
with Mobitz type I block is indicated only in seriously sympto-
matic patients.

Mobitz type II second-degree AV block is characterized by the
sudden stopping of an impulse without previous prolongation
of the PR interval. The block is most often below the AV node at
the bundle of His or at the bundle branches. The block is often
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symptomatic with the potential to progress to complete (third-
degree) AV block. When it occurs in the presence of acute M, it is
usually associated with larger infarcts and higher morbidity.
An accompanying bundle branch block (BBB), frequently involv-
ing the His-Purkinje system, may be seen on EKG. Permanent
pacing is recommended for pregnant women with symptomatic
Mobitz type IT AV block.”

The incidence of second-degree AV block during pregnancy
is very low. The majority of cases reviewed by Mendelson'® were
acquired, occurring in association with rheumatic heart disease
and infection. Among 26 cases of acquired heart block, six
had second-degree AV block. In another study, only 1 of 21 non-
pregnant women with congenital heart block had a second-
degree block."®

Third-degree AV block

Third-degree AV block (complete heart block) occurs when
no supraventricular impulses are conducted to the ventricles.
The block may occur at the level of the AV node, bundle of
His, or bundle branches. No impulses pass between the atria
and ventricles. Complete AV dissociation is present, with the
atrial and ventricular rates determined by their own independ-
ent pacemakers. The ventricular rate is usually low (junction-
al=45-50 bpm; idioventricular rate =35-45bpm) and the atrial
rate faster. Congenital third-degree AV block is often nodal,
resulting from an immunologic attack by maternal antibodies on
the fetal AV node.'” Acquired third-degree AV block is usually
infranodal, involving the His-Purkinje system. Third-degree heart
block may be permanent, or transient, depending on the under-
lying cause.

The first case of complete heart block in pregnancy was repor-
ted in 1914. Mendelson'® analyzed 40 reported cases of com-
plete heart block in pregnancy. Twenty women had acquired
AV block: secondary to rheumatic heart disease (11), infection (6),
myocarditis (2), and coronary artery disease (1). In the other 20
women with congenital heart block, 10 had a VSD. The maternal
and fetal mortality rates were 13% and 15%, respectively.

Maternal and fetal prognosis for women with complete heart
block is improved due to artificial pacemakers.'® Women with
congenital complete heart block (see Table 2.4) and normal QRS
duration are usually asymptomatic and have uneventful pregnan-
cies,'” in contrast to those with acquired heart block.” Heart
block, by itself, rarely affects the course or outcome of pregnancy
if the ventricular rate remains in the range of 50-60 bpm. If the
rate slows suddenly, syncope may occur. Stokes-Adams attacks,
and limited HR responses to stress, may occur and women with
these symptoms may require a temporary pacemaker for labor
and delivery. Permanent AV sequential pacing is a desirable
option in symptomatic women.” Pregnancy is usually well toler-
ated in women with pacemakers.

Right bundle branch block (RBBB)

In RBBB there is delay in activation of the RV while septal and left
ventricular (LV) activation are normal. The QRS is prolonged

Table 2.4 Congenital complete heart block in pregnancy

Incidence = 1:15 000-1:22 000 live births

ECG criteria for diagnosis (usually narrow QRS)

Slow pulse from an early age

No history of infection (diphtheria, rheumatic fever, etc.)
No evidence of ischemic heart disease or cardiomyopathy
No history of cardiac surgery

May present during pregnancy

(>0.125), an “M”-shaped complex is seen in V1 and V2 and a
broad S wave is present in the LV leads, especially lead I. Right
bundle branch block may be the result of an isolated congenital
lesion, RV hypertrophy or strain, myocardial damage, or disease
of the specialized conducting tissues.

Left bundle branch block (LBBB)

In leads V5 and V6, the small negative Q wave normally seen is
replaced by a large, positive R wave and a secondary R wave
(“M”-shaped ventricular complex), and QRS > 0.12 s. Left bundle
branch block may occur because of myocardial damage second-
ary to coronary artery disease or cardiomyopathy, LV hypertro-
phy, or disease of the specialized conduction tissues. Left bundle
branch block is rarely seen with an otherwise normal heart and
can occur intermittently. Recently acquired LBBB has a poor
prognosis.

Left anterior and posterior fascicular blocks
(hemiblocks)

The anterior and posterior fascicles of the left bundle branch
conduct impulses to the anterosuperior and posteroinferior

areas of the LV respectively. Left anterior and posterior hemi-
blocks are common in conduction tissue diseases.

Management of bradycardia associated
with poor perfusion'”

Transcutaneous pacing should be used without delay for
symptomatic unstable women with high-degree (Mobitz type II
second-degree or third-degree) block who do not respond to
oxygen and atropine. While awaiting a pacemaker, second-line
drugs, dopamine 5-20 pg/kg/min, epinephrine 2-10 pg/min, or
isoproterenol 2-10 pg/min, may be helpful. If transcutaneous or
transesophageal pacing is ineffective because of inconsistent
capture, or if effective pacing does not improve the clinical con-
dition because the cardiovascular symptoms are not caused by
the bradycardia, consultation and transvenous pacing are the
next steps. Atropine should be used cautiously in the presence
of coronary ischemia or MI because increased HR may increase
ischemia or the zone of infarction. With the trend for women of
advanced maternal age (> 35) to bear children, coronary artery
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disease and ischemia should be considered in the differential
diagnosis.

Ectopic beats

The terms ectopic beat, extrasystole, and premature contraction
are synonymous. They refer to an impulse arising from the atria,
AV junction (AV node or bundle of His), or ventricles, which arises
prematurely in the cardiac cycle.

Premature atrial depolarizations (PAD)

A diagnosis of PAD is made on the ECG when a premature P wave
is noted with a P-R interval >120 milliseconds (msec). The inter-
val between the ectopic beat and the preceding beat (coupling
interval) is shorter than the cycle length of the dominant rhythm.
Usually the contour of a premature P wave differs, indicating a
different focus of origin.”’ Sometimes PAD are not conducted to
the ventricles or may be conducted with a BBB pattern. Premature
atrial depolarizations occur in 20-40% of young healthy indivi-
duals” and they may be found during routine prenatal examination
or an investigation of “palpitations”. Isolated PAD were found
in 90% of 30 healthy women studied during labor.” Contributing
factors include stress, anxiety, fatigue, infection, nicotine, caffeine,
alcohol, and sympathomimetic asthma preparations or deconge-
stants. Normally, PAD do not require therapy, and avoidance or
removal of precipitating factors is often therapeutic. Occasionally,
PAD reflect occult heart failure or excessive adrenergic tone
when appropriate treatment is diuretics, analgesics, sedatives, or
beta-blockade. If PAD are frequent, they may trigger sustained
supraventricular or ventricular tachydysrhythmias that require
treatment.

Premature ventricular depolarizations (PVD)

The QRS complex of PVD is premature, broad (>0.12 sec),
abnormal in shape, and is not preceded by a premature
P wave. The most common cause of “palpitations” or “awareness
of skipped beats” during pregnancy is PVD as they tend to be
noticed more than those caused by PAD. Premature ventricular
depolarizations are followed by a compensatory pause only if
they are not conducted to the atria. Occasionally, PVD produce
distressing symptoms from the increased myocardial contract-
ility associated with the postectopic beat. Clinically, PVD are
accompanied by a giant “a” (cannon) wave, visible in the neck
as the PVD occurs against a closed tricuspid valve. Sudden
distension of the pulmonary veins may elicit an associated
spontaneous cough.

Premature ventricular depolarizations occur frequently in the
general population. In a Holter monitor study of 50 healthy
women, 54% had PVD (6% had >50 beats in 24 hours).'® Most
pregnant women with PVD have no underlying heart disease.
Premature ventricular depolarizations may be associated with
anxiety, intake of stimulants, infection, electrolyte abnormalities,
hypoxia, mitral valve prolapse (MVP), hypertension, congenital
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heart disease, myocardial ischemia and MI, myocarditis, car-
diomyopathy, rheumatic heart disease, long QT syndrome, *
and a variety of medications, including digoxin.

Indications for treatment of PVD during pregnancy include
PVD with hemodynamic compromise, sustained symptomatic
PVD, and PVD with an underlying structural abnormality, possi-
bly predisposing to life-threatening dysrhythmia (controversial).
Correction of underlying causes and avoidance of stimulants may
reduce or eliminate PVD and, generally, pharmacologic therapy is
avoided. Quinidine and procainamide (Vaughan Williams Class
IA) have a good safety record in pregnancy (FDA Pregnancy Risk
Classification — Class C) although the side effects are undesirable.
Low-level beta-blockade is as effective as quinidine in suppres-
sing symptoms. Among Class IB antidysrhythmic drugs, the safest
appears to be lidocaine (Class IB), provided serum levels are
monitored and maternal and fetal effects followed closely.
A small subset of women with MVP and LQTS is predisposed to
ventricular tachycardia, which, if sustained, may be associated
with embolic events and sudden death. A history of PVD and,
MVP or LQTS may warrant prophylactic antidysrhythmic treat-
ment. Chronic PVD, which are frequent, multifocal, “R on T”, or
that occur in salvos, are associated with increased cardiovas-
cular mortality, but there is no evidence that their suppression

improves prognosis.”’

Tachydysrhythmias

Based on the appearance of the QRS complex, the tachycardias
are classified into sinus tachycardia, narrow-complex (supra-
ventricular) tachycardia, and wide-complex tachycardia. Most
wide-complex tachycardias are ventricular in origin. Narrow-
complex tachycardias, which are irregular, are usually atrial
fibrillation (AF), or possibly atrial flutter, or multifocal atrial
tachycardia.

Narrow-QRS-complex tachycardias (SVT)

Supraventricular tachycardia encompasses a variety of tachy-
dysrhythmias originating in the sinoatrial (SA) node, atria, and
AV junction. Supraventricular tachycardia is characterized by a
narrow QRS (< 0.12s) complex (except for cases of preexisting
BBB or aberrant conduction) with a regular R-R interval and a
rate between 150-250 bpm (see Table 2.5) Atrial depolarization
is retrograde, resulting in inverted P waves in EKG leads II, III,
and aVF. The P wave may occur just before, during, or after the
QRS complex, and it is not seen if it arises during the QRS
complex. Reciprocating tachycardias involving anomalous
(accessory) AV or nodal-ventricular pathways are included
even though the atrium and ventricle are part of the reentrant
circuit.

Paroxysmal supraventricular tachycardia (PSVT)

If a dysrhythmia is recurrent, starts and stops suddenly, it is
designated paroxysmal. Paroxysmal supraventricular tachycardia
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Table 2.5 Supraventricular dysrhythmias in pregnancy

Dysrhythmias Rate/rhythm P wave/PR QRS Clinical importance Treatment
PAD Regular with P wave contour Normal Common (64%) Reassurance
“skipped” beats abnormal; Occasionally may trigger Avoid stimulants
PR >120ms sustained PSVT or VT Usually no drugs
Underlying heart disease required
uncommon;
Precipitating factors: stress,
infection, alcohol, caffeine
(tea, coffee, colas), nicotine
(cigarettes), stimulant
drugs (sympathomimetic
asthma medications,
decongestants); occult
heart failure (very
occasionally)
PSVT AR 140-220 bpm ? P waves (inverted  Normal or | 2.6% pregnancies Goal: slow AV
2:1 AV block (usual) P in II, III, AVF) Usually well tolerated conduction:
regular rhythm PR normal or | Serious sequelae can occur . Vagal
Can mimic VT if aberrant QRS . Drugs
Abrupt onset & offset . Cardioversion
Atrial tachycardia: AV block Pwaveinorfollows - Multifocal AT frequently
a. Nonparoxysmal QRS RP > PR associated with respiratory
b. Multifocal interval failure
Atrial flutter Type I (classic): AR Sawtooth flutter Normal Less common than AF . Rapid atrial pacing
300, VR 150; 2:1 waves Underlying heart disease (Type I)
AV conduction; usual . Drugs (Type II)
Type II: AR >350 . Cardioversion
Atrial fibrillation AR 350-600 No P waves Narrow Uncommon in . Convert to SR: Drugs
VR 100-200 complexes pregnancy Cardioversion
Irregular Can occur in structurally Pacemaker
normal hearts (paroxysmal . Slow VR drugs

form)

Chronic form associated with
myocardial and systemic
disease

. Prevent recurrence

Drugs

PAD = premature atrial depolarizations; PR = pulse rate; PSVT = paroxysmal supraventricular tachycardia; VT = ventricular tachycardia; AT = atrial

tachycardia; AR = atrial rate; AV = atrioventricular; SR = sinus rhythm; VR = ventricular rate; AF = atrial fibrillation

is a distinct clinical syndrome characterized by repeated episodes
(paroxysms) of tachycardia with an abrupt onset, lasting from
a few seconds to several hours. Paroxysmal supraventricular
tachycardia may stop spontaneously, or it may stop when
another ectopic supraventricular beat interrupts the circitous
movement.”’

General mechanisms

Electrophysiologically, SVT is caused by two main mechanisms:
(1) reentry; or (2) rapid, abnormal atrial activity (atrial tachycardia,
atrial flutter, AF). With reentrant tachycardias, there is an addi-
tional electrical connection between atria and ventricles, so that
an impulse can circulate between atria and ventricles, repeatedly

and rapidly, along a circuit consisting of the AV node junction
and the additional AV connection. Additional connections
may occur between atria and ventricles. In atrioventricular
nodal reentrant tachycardia (AVNRT), the AV node and its adja-
cent atrial tissues are functionally dissociated into fast and slow
AV nodal pathways. In AVNRT, the additional connection is an
accessory AV pathway — a strand of myocardium that straddles the
groove between atria and ventricles and bypasses the AV node.
If the accessory AV pathway can conduct in an anterograde
direction (atria to ventricles), the features of Wolff-Parkinson-
White (WPW) syndrome are present (see later). More than 90%
of PSVT are due to reentry, and the initial event is frequently a
PAD. Details of the mechanisms involved can be found in stan-
dard cardiology texts.
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Clinical presentation

Supraventricular tachycardia has a heterogeneous clinical presenta-
tion most often occurring in the absence of detectable heart disease
in younger individuals.'' Patients with paroxysmal dysrhythmias
are often asymptomatic at the time of evaluation. A clinical history,
describing the pattern in terms of number of episodes, duration,
frequency, mode of onset, and possible triggers, is important.

Paroxysmal supraventricular tachycardia-related symptoms
include syncope, or near-syncope, distressing palpitations, angina,
dyspnea, fatigue, anxiety, and polyuria. Some women with PSVT
may be asymptomatic or be aware of palpitations that are not
distressing. Syncope occurs in approximately 15% of patients with
SVT, usually just after initiation of rapid SVT or during a prolonged
pause after abrupt termination of the tachycardia. Syncope may be
associated with AF, with rapid conduction over an accessory AV
pathway, or structural abnormalities such as valvular aortic steno-
sis, hypertrophic cardiomyopathy, or cerebrovascular disease.'’
Angina and pulmonary edema may occur in women with heart
disease, the symptoms reflecting myocardial ischemia and heart
failure, respectively. These latter hemodynamic events result from
decreased LV filling and cardiac output.”’ Pulmonary edema is
most likely to occur if SVT lasts longer than six hours or in the
presence of underlying heart disease, such as mitral stenosis.

Physical examination does not usually lead to a definitive diag-
nosis. If irregular cannon waves and/or irregular variation in the
first heart sound intensity are present, then a ventricular origin of
aregular tachycardia is strongly suggested. The presence of asso-
ciated heart disease should be sought, and an echocardiogram
may be helpful.

In pregnancy

The estimated incidence of PSVT during pregnancy is as high
as 2.6% but in those with a prior history, episodes may be more
frequent and severe. 225 Often, a diagnosis of PSVT is made
for the first time during pregnancy. Paroxysmal supraventricular
tachycardia occurs more often during pregnancy in women
with a prior history of PSVT, or with WPW syndrome-associated
dysrhythmias,”** or in those treated with beta-agonists.”* The most
common cause of a sustained dysrhythmia in pregnancy is reentrant
SVT. Paroxysmal supraventricular tachycardia is often called par-
oxysmal auricular, atrial, or supraventricular tachycardia with the
underlying electrophysiologic mechanism rarely defined.’

Treatment

In the absence of coexisting heart disease, the majority of SVT
of the atrioventricular nodal reentrant type (AVNRT) are well
tolerated in young people.”” When treatment is required for
termination of stable reentry SVT, vagal maneuvers and adeno-
sine are preferred. If the tachycardia has a regular narrow-
complex QRS, vagal maneuvers alone (carotid sinus massage,
Valsalva maneuver, or gagging) will terminate about 20-25%
of reentry SVT.”® Eyeball massage should never be performed
because it may result in retinal detachment.”” If reentry SVT
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does not respond to vagal maneuvers, current ACLS guidelines'”
recommend adenosine (Class I). Calcium channel blockers
(verapamil is more effective than propanolol)*’ have a similar
SVT conversion rate to adenosine, but adenosine tends to be
more rapid with fewer side effects than verapamil.'” If the
rhythm converts, it was most likely reentry SVT. The woman
should be observed for recurrence, and any recurrence treated
again with adenosine or a longer-acting AV nodal blocking agent
such as diltiazem or a beta-blocker. Amiodarone can achieve
nearly 100% efficacy in the inhibition of induced sustained
reentrant SVT.”’

Irregular palpitations are probably due to premature depolar-
izations, AF, atrial flutter, or multifocal atrial tachycardia.”
Expert consultation is recommended. The rate may be controlled
using diltiazem and/or beta-blockers.

If someone is hemodynamically unstable with narrow-complex
tachycardia, adenosine can be administered while preparations
are made for synchronized cardioversion (10-50 joules, Class IIb).
Current recommendations are to proceed quickly to synchro-
nized cardioversion and to not delay in order to establish i.v.
access and administer drugs.'” Various drugs, including adeno-
sine, verapamil, beta-blockers, and Class IA antidysrhythmic
drugs, will successfully terminate SVT “'***’ with adenosine
the drug of choice.'*** Cholinergic agents (e.g. edrophonium)
and pressor agents (e.g. phenylephrine) are other classes of
drugs that are used to stop PSVT in the presence of normal or
low blood pressure (BP), respectively.”’ Rapid atrial pacing is also
effective in stopping PSVT and may be useful for those cases
refractory to drug therapy.”'

If someone with irregular, narrow-complex tachycardia is stable,
there is time to obtain a 12-lead EKG and evaluate the rhythm,
await consultation, and determine the best treatment option.
Irregular narrow-complex tachycardia is probably AF, or possibly
atrial flutter, or multifocal atrial tachycardia. Attempts to control
the rate with diltiazem or beta-blockers may be successful. It can
be difficult to differentiate supraventricular ectopic beats or SVT
with aberrant conduction, from ventricular ectopic beats or
ventricular tachycardia (VT). The typical narrow QRS complex
of PSVT is not seen if a preexisting, or rate-dependent, BBB is
present, or if anterograde conduction to the ventricles occurs over
an accessory AV nodal pathway, such as a Kent bundle. The clinical
importance of differentiating PSVT and VT is considerable. Treat-
ment of rapid, wide, regular QRS tachycardias with agents such
as verapamil, in the belief that the rhythm is SVT with aberrant
conduction, can have disastrous consequences (precipitate ventri-
cular fibrillation) if the tachycardia is ventricular.

Prevention of PSVT depends on the frequency and severity
of attacks. Beta-blockers, amiodarone, or verapamil may be
given. In some, pacemaker implantation may be necessary. When
appropriate, ablation procedures that destroy part of an accessory
reentrant pathway are done and can result in a long-term cure.”

Atrial tachycardia and atrial flutter

Atrial tachycardia may be classified as nonparoxysmal atrial
tachycardia and multifocal atrial tachycardia, with the latter
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commonly seen in patients with severe pulmonary disease.
Atrial flutter is less common than AF. Paroxysmal forms of atrial
flutter may occur in the absence of structural heart disease,
but in its chronic form, atrial flutter is almost always associa-
ted with underlying structural heart disease.””’ Atrial flutter is
frequently unstable, reverting to sinus rhythm or degenerating
into AF.”

In atrial flutter, the EKG reveals “saw-tooth” morphology in
the inferior leads. Atrial flutter is classified into two types: type
I (classic), which shows an atrial rate of 300 bpm and ventricular
rate of 150 bpm (2:1 AV conduction); and type II, which shows a
flat baseline with a positive flutter wave in the inferior leads and
a rate usually >350 bpm. Type I disease originates close to the
sinus node and activates the right atrium in a counter-clockwise
direction. Type II disease appears to originate in the lateral atrial
wall, and the depolarization wave occurs usually in a clockwise
direction.

In pregnancy

Relatively few cases of atrial flutter have been reported in preg-
nancy.”'””* Atrial flutter has been reported in association with a
wide variety of conditions including hypertensive heart disease,
obstructive pulmonary disease, dilated or hypertrophic cardio-
myopathy,’ Graves disease,'” rheumatic heart disease," and post-
surgical correction of congenital heart disease."

Treatment

Treatment is dictated by hemodynamic status. Synchronized car-
dioversion of atrial flutter can generally be achieved with a rela-
tively low energy of 10-25joules, ideally with i.v. access and
conscious sedation.

In hemodynamically stable patients, beta-blocking agents, cal-
cium channel blockers, or digoxin’ may control the ventricular
rate and occasionally terminate the dysrhythmia. After the ven-
tricular rate is controlled, Class 1A drugs (procainamide, quin-
idine) are commonly required to achieve conversion to normal
sinus thythm. To avoid converting a 2:1 block to 1:1 conduction
with an even faster ventricular rate, Class IA antidysrhythmic
drugs (e.g. procainamide) should only be administered after the
ventricular rate has been controlled.

When there is hemodynamic instability or drug therapy failure,
direct current cardioversion, starting with low energy of
10-25joules, is the treatment of choice for atrial flutter. The
need for long-term drug treatment depends on the frequency
and severity of the dysrhythmia. Beta-blocking agents, calcium
channel blockers (diltiazem, verapamil), or digoxin may be effect-
ive.”” Radiofrequency ablation can potentially cure atrial flutter
with success rates in the 80-90% range.”

Atrial fibrillation

Atrial fibrillation is characterized by totally disorganized atrial
depolarization at a rate of 350-600 bpm. Most atrial impulses
are blocked because of concealed conduction within the AV

node, and the ventricular rate is irregular at 100-200 bpm. As
with atrial flutter, paroxysmal AF can occur in normal hearts,
while the chronic form is associated with myocardial and
systemic disease (see Table 2.5). In patients with cardiovascu-
lar disease, AF is associated with doubling of morbidity and
mortality.”

The hemodynamic consequences of AF depend on the sever-
ity of the underlying disease and the ventricular rate. Atrial
fibrillation is more common in patients with enlarged left atria
(>40mm). In patients with mitral stenosis, a faster HR shortens
the diastolic filling time and increases the transvalvular pressure
gradient. Sudden onset of AF with rapid ventricular rates raises
left atrial pressure, leading to symptoms of dyspnea and possibly
pulmonary edema. Because normal left atrial contraction con-
tributes up to 30% of the presystolic, transvalvular pressure
gradient, abrupt loss of atrial contraction can decrease cardiac
output by 20%. Ventricular filling is restricted more by the rapid
HR than by loss of atrial contraction. When LV dysfunction with
reduced ventricular compliance is present, cardiac output may
drop dramatically.

Embolic stroke and peripheral embolization are more fre-
quent in patients with chronic AF and underlying heart dis-
ease (especially mitral stenosis). Clinically evident emboli
develop in approximately 35% of patients with mitral valve
disease, 18% with ischemia and hypertension, and 10% with
hyperthyroidism. Post-mortem examination of patients with
chronic AF demonstrates emboli in 45% of those with valvular
disease and 35% of those with ischemia and hypertension. The
risk of embolization is much less in the absence of heart
disease.”

In pregnancy

Atrial fibrillation and atrial flutter are rare in women of repro-
ductive age and, therefore, warrant investigation when diag-
nosed during pregnancy. In the past, reported cases of AF
in pregnancy were associated most often with rheumatic heart
disease, especially mitral valve disease. In 1956, Mendelson'”
identified 31 women with AF of whom 29 had rheumatic heart
disease. Nineteen women had New York Heart Association
(NYHA) class III and IV disease, and the associated maternal
and fetal mortality was 19% and 58% respectively. Five women
had embolic complications.'” Fifty years ago the prevalence of
rheumatic heart disease was higher than it is today. Today,
AF occurs more frequently with congenital and valvular heart
disease and occasionally with pulmonary embolism, acute
myocarditis or pericarditis, cardiomyopathy, rheumatic heart
disease, and alcohol or drug abuse.” However, AF secondary to
rheumatic disease still occurs in areas of the world where
women are deprived of health care and sanitary living condi-
tions. In a report of recurrence rates of dysrhythmias during
pregnancy and the early postpartum period,’” AF or atrial flutter
recurred in 52% of the 23 pregnancies studied.”” In six women
with AF or atrial flutter at baseline all remained in that rhythm
throughout pregnancy. Adverse fetal events occurred in 20%,
independent of other maternal or fetal risk factors, and were
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more common in women who developed recurrent antepartum
dysrhythmias.”

Treatment

Initially, correct any contributing or underlying cause, followed
by either conversion of the dysrhythmia to sinus rhythm,
or slowing of the ventricular response when conversion does
not occur. Intravenous drugs used to convert acute AF include
esmolol, procainamide, and amiodarone. Esmolol and amiodar-
one are pregnancy category C and D drugs, respectively, meaning
they should only be given if the potential benefit justifies the
potential risk to the fetus. Digitalis, calcium channel blockers,
and/or beta-blockers are given to control the HR in chronic
AF that does not convert to sinus rhythm. In the operating room
and intensive care unit, i.v. calcium channel blockers and beta-
blocking drugs are useful because they quickly slow ventricular
response, although they do not restore normal sinus rhythm.
Beta-blockers are the preferred drugs for acute ventricular rate con-
trol in women with AF during pregnancy. *° Digoxin is not as
effective in the acute setting, because it requires more than one
hour to slow ventricular response significantly. Adenosine slows
ventricular response briefly, aiding in the diagnosis but not the
treatment of AF. If AF is part of a tachycardia-bradycardia syn-
drome, pacing may be required in addition to drug therapy.

Electrical cardioversion (100-360 joules) is reserved for patients
who are unstable or unresponsive to drug therapy.’® The decision
to proceed to electrical cardioversion should be made after care-
ful evaluation of underlying heart disease, duration of AF, left
atrial size, and condition of the mother and fetus. Successful con-
version and sustained sinus rhythm are most likely in patients with
small left atria and AF of less than several months’ duration.
Administration of procainamide or quinidine (after digitalization)
for a few days before electrical cardioversion is recommended,
because 10-15% of cases convert to sinus rhythm during this
time. Despite successful conversion, hemodynamic improvement
may not be seen immediately as left atrial contraction may remain
depressed for several weeks.”” Long-term therapy with flecainide,
sotalol, disopyramide, propafenone, and amiodarone may be
required to prevent recurrence of AF.”” Calcium channel blockers
that affect the AV node are deleterious in patients with AF or flutter
associated with preexcitation (e.g. WPW).

The incidence of embolization during cardioversion is 1-3%.
If elective cardioversion is planned, consideration should be
given to thromboembolic prophylaxis. Anticoagulation is recom-
mended in the presence of mitral stenosis; in recent-onset AF of
more than four days’ duration; and in association with a history of
recurrent and recent emboli, prosthetic mitral valve, and dilated
cardiomyopathy. If not contraindicated, anticoagulation for two
weeks before and four weeks following cardioversion signifi-
cantly decreases systemic embolization.” Long-term anticoagula-
tion is recommended for individuals with persistent AF. Warfarin
is associated with spontaneous abortion in 10-50% of pregnan-
cies and multiple teratogenic effects.” As a result, low molecular
weight heparin has become a commonly used anticoagulant
during pregnancy.
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Wide-complex tachycardia

Ventricular tachycardia

Electrocardiographic features of VT include bizarre QRS com-
plexes longer than 120 ms, fusion beats, capture beats, and AV
dissociation occurring at a rate of 100-250 bpm. Fifty percent
have retrograde conduction to the atria. Occasionally, differentia-
tion from a wide-QRS tachycardia of supraventricular origin may
be difficult and expert consultation is advisable. For example,
rapid AF with conduction over a bypass tract appears as a grossly
irregular, rapid (200-300 bpm), wide-QRS tachycardia on EKG.
Vagal maneuvers or drug therapies that slow conduction over
the AV node may help in the differential diagnosis. Occasionally,
electrophysiologic testing may be required. Wide-QRS tachycar-
dia of uncertain origin should be considered as VT until proven
otherwise, and it should be treated accordingly (i.v. amiodarone,
synchronized cardioversion). Nonsustained VT is defined as
VT that does not cause hemodynamic compromise and stops
spontaneously in <30s. Sustained VT is defined as VT that
lasts >30's or that which causes hemodynamic compromise and
requires immediate termination."

Ventricular tachycardia develops by one of three mechanisms:
(1) reentry; (2) abnormal automaticity; and (3) triggered activity.
Triggered activity occurs when the impulse is the result of early
or delayed after-depolarizations. Calcium ions and slow, inward
calcium channels are involved in the latter, and calcium channel
blocking drugs (e.g. verapamil) may be helpful. Triggered activity
also may be involved in dysrhythmias associated with congenital
or acquired LQTS or excess catecholamines.” Ventricular tachy-
cardia may occur in the absence of any obvious structural cardiac
abnormalities (primary electrical disease). Ventricular tachy-
cardia in pregnancy usually fits into this category with some
episodes arising for the first time during pregnancy.”’”*%*74%*!
Typically, VT originates from the RV outflow tract or LV septal
region.

Factors known to precipitate paroxysmal VT include physical
exertion, emotional upset, fear, exercise, caffeine, smoking, alco-
hol, trauma, changes in posture, hypokalemia, hypomagnese-
mia,"”**** and imbalance of the autonomic system.”” Clinically,
VT usually presents with symptoms of rapid palpitations, chest
discomfort, and dizziness. Syncope or sudden death may be the
initial manifestation, especially in the presence of structural heart
disease and/or a very rapid VT rate.

Some catecholamine-sensitive, nonsustained VT can be pre-
vented by treatment with beta-blocking drugs and avoidance
of exercise and other triggers. Ventricular tachycardia in the
presence of underlying structural heart disease has a poorer
prognosis.

In pregnancy

Ventricular tachycardia is rare in pregnancy and usually occurs in
the absence of structural heart disease. Ventricular tachycardia
has been reported with structural heart disease including congen-
ital heart disease, RV dysplasia, MVP, LQTS, acute myocarditis,
cardiomyopathy, cardiac tumors, and coronary artery disease.’
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About 30 case reports of VT in pregnancy appeared in the litera-
ture between 1942 and 1992. Overall, maternal outcome is
good but cardiac deaths have occurred.”®"’ Careful evaluation
to determine the cause of VT may identify a correctable cause
such as hypomagnesemia-induced recurrent sustained VT."*"*
One woman with VT died during her sixth month of pregnancy,
three weeks after initiation of procainamide,*” and another with
hypertrophic cardiomyopathy died from VT at 39 weeks’ gesta-
tion."” Paroxysmal VT in women without demonstrable heart
disease is reported to be more frequent in pregnancy but evid-
ence is limited. It also is unclear as to whether there is a pattern
of variability during different trimesters.’

Treatment

If VT is well tolerated hemodynamically, the drug of choice
in current ACLS'” protocols is amiodarone. There are concerns
about the safety of amiodarone in pregnancy. It currently is
classified as a Food and Drug Administration (FDA) Class D
drug. Lidocaine (FDA Class B) and procainamide (FDA Class
C), considered safer during pregnancy, successfully terminate
the majority of VT. If VT is unresponsive to drug therapy or is
associated with hemodynamic compromise, direct-current
cardioversion (50-300joules) is indicated. Low-energy synchro-
nized shock (20-50 joules) is often successful in restoring normal
sinus rhythm. In those individuals with a history of sustained VT
or who are symptomatic with frequent episodes of nonsustained
VT, correction of an identified precipitating factor or long-term
antidysrhythmic medication may be necessary.’ Some antidys-
rhythmic medications increase the propensity to other dysrhy-
thmias (prodysrhythmia), and these may increase the risk of
sudden death. Drugs currently considered to have less prodysrhy-
thmic potential include beta-blockers and amiodarone. The risks
and benefits of each medication must be assessed on an indivi-
dual basis.

Ventricular fibrillation

Ventricular fibrillation (VF) should be treated according to the
current ACLS protocol, 12 always with care to maintain left uterine
displacement to ensure adequate venous return.

Dysrhythmias associated with heart disease

Heart disease is classified as either congenital or acquired.
Advances in the medical and surgical management of children
with congenital heart disease (CHD) have resulted in an increasing
number of affected females reaching childbearing age (see
Chapter 1). From 1970 to 1983, CHD increased from 20% to 42%
as a cause of heart disease complicating pregnancy. A dysrhythmia
during pregnancy may be the presenting complaint that leads to a
diagnosis of previously unrecognized CHD. Women with uncor-
rected ASD may develop supraventricular dysrhythmias during
pregnancy. Dysrhythmias associated with CHD**°" are outlined
in Table 2.6 and those associated with acquired structural heart
disease are outlined in Table 2.7.

Table 2.6 Dysrthythmias associated with congenital

heart disease in pregnancy

Heart defect Dysrhythmia

Atrial septal defect Supraventricular dysrhythmias

Congenital heart block Bradydysrhythmias
Ebstein anomaly Supraventricular dysrhythmias
Eisenmenger syndrome Sudden death

Mitral valve prolapse
Tetralogy of Fallot

Atrial & ventricular dysrhythmias
Conduction system disorders
Heart block

Bradycardia

Ventricular dysrhythmias
Transposition of the Loss of sinus rhythm
great arteries’” Supraventricular dysrhythmias
Heart block

Atrial fibrillation

Sinus bradycardia

Tricuspid atresia
Double outlet right
ventricle or

Single ventricle Complete AV block

AV = atrioventricular

specific lesions

Ebstein anomaly

Women with Ebstein anomaly are at risk for reentrant paroxysmal
tachycardia, often via a bypass tract as seen in WPW syndrome.
The course of the pregnancy is determined by the severity of the
tricuspid regurgitation, stenosis, and right-to-left shunting across
the ASD. This anomaly is usually mild in adults and some women
successfully completing pregnancy.
Cyanosis may appear for the first time during pregnancy. Right
ventricular failure can occur from an increase in tricuspid regur-
gitation. After surgical tricuspid valve reconstruction, pregnancy
may result in worsening of residual tricuspid regurgitation,
dysrhythmias, and endocarditis. Epidural anesthesia has been

remain asymptomatic,

used successfully for C/S and labor analgesia in women with
Ebstein anomaly (see Chapter 1).

Eisenmenger syndrome and pulmonary
hypertension

Death may occur suddenly in patients with Eisenmenger syn-
drome, although symptomatic dysrhythmias generally occur
late in the natural history of the disease. Pregnancy is not toler-
ated well (50% maternal mortality; >40% fetal mortality), and
consideration may be given to first trimester termination of
pregnancy.

surgically repaired Tetralogy of Fallot (TOF)

Important postoperative electrophysiologic sequelae, including
bradycardia, conduction system disease, heart block, ventricular
dysrhythmias, and sudden death, have been reported following
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Table 2.7 Dysrhythmias associated with structural

heart disease in pregnancy

Aortic valve Ventricular dysrhythmias

PVD (84%)

Multifocal PVD, couplets, runs of ventricular
tachycardia (73%)

Aortic stenosis 1 risk of severe hemodynamic

disease

problems with atrial fibrillation or junctional
rhythm (loss of atrial contraction)
Avoid volatile anesthetic-induced junctional
rhythms
Supraventricular dysrhythmias with atrial
dilation
CHEF + dilated cardiomyopathy
- PVD (80%)
- Nonsustained ventricular tachycardia
(50%)
— Decreasing heart chamber size may
decrease atrial and ventricular dysrhythmias
IHSS Sudden death
Ventricular tachycardia
Ischemic heart Ischemia/coronary vasospasm
Atrial dysrhythmias
Ventricular dysrhythmias

disease

Anti-ischemic therapy (nitroglycerin) may be
therapeutic and more efficacious than
antidysrhythmics

Atrial fibrillation

Decreased LV filling/ cardiac output

Increased LAP & LA volume — CHF

Thrombus formation atrial appendage

Atrial dysrhythmias (PSVT)

Ventricular dysrhythmias

Prolonged Q-T

Avoid hypovolemia and vasodilatation

Mitral stenosis

Mitral valve
prolapse

(decrease LV size; | prolapse)
Atrial dysrhythmias
ECG changes:
— Low voltage QRS complexes

Pericarditis

— Electrical alternans
— ST segment elevation (diffuse)
— T wave inversion
— PR segment depression
Peripartum Dysrhythmias common
cardiomyopathy ECG:
- Nonspecific ST-T changes
- Infarct pattern
Avoid hyperkalemia (can exacerbate

dysrhythmias)

PVD = premature ventricular depolarization; CHF = congestive heart
failure; IHSS = idiopathic hypertrophic subaortic stenosis; LAP = left
atrial pressure; LA = left atrial; PSVT = paroxysmal supraventricular
tachycardia
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repair of TOF.”" Affected patients should be evaluated periodi-
cally for the presence of serious dysrhythmias.

Transposition of the great arteries

Most people with transposition of the great arteries (TGA) undergo
surgical repair before reaching childbearing age. Although atrial
switch is rarely performed today except as part of a “double switch”
operation, there continues to be interest in pregnancy outcome in
Mustard and Senning repair survivors who are at risk from heart
block, ventricular dysrhythmias, and sudden death. In a large
report from Holland looking at the risk of complications during
pregnancy after a Mustard or Senning repair, there was a high
incidence of obstetric complications and mortality in the off-
spring.”’ The most important cardiac complication was clinically
significant dysrhythmia (22% of subjects) especially if there was
a prior history of dysrhythmia. Preterm delivery was common
and 22% of the offspring were small for gestational age. However,
no recurrence of congenital heart disease was documented in the
offspring.”'

Tricuspid atresia, double-outlet right
ventricle, and single ventricle

The electrophysiologic sequelae of surgical repairs include AF,
sinus bradycardia, and complete AV block.”’ In preconception
counselling, these women should know that dysrhythmias may
increase during pregnancy.

Mitral valve prolapse (MVP)

Mitral valve prolapse is usually benign. However, atrial and ven-
tricular dysrhythmias occur with greater frequency in women
with MVP, especially if there are resting ST segment and T
wave abnormalities (see Table 2.8). Paroxysmal supraventricular
tachycardia involving AV nodal reentry or accessory AV connec-
tions (see later) is the most common tachydysrhythmia. A very
small subset of patients with a diagnosis of MVP and LQTS
may have a predisposition to VT, which can result, rarely, in
sudden death.

Dysrhythmias associated with cardiac
transplantation

The transplanted heart is denervated (see Chapter 22). Although
the transplanted heart shows an increased sensitivity to catecho-
lamines, normal vagal tone and reflex activity are lacking.
Normal contractility is present, but chronotropic responses to
stress and exercise are altered. The HR increase with exercise
may be delayed and initial adaptation occurs as a result of the
Frank-Starling mechanism. The usual decrease in HR during
recovery is attenuated. Dysrhythmias may result from the
increased sensitivity to catecholamines or be a manifestation of
rejection. Only direct-acting agents will exert inotropic or chron-
otropic effects. Atropine should be used with caution and
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Table 2.8 Mitral valve prolapse in pregnancy

Associated conditions Clinical importance

Course

Accessory AV connections (WPW syndrome
and variants) vasodilatation

ASD

Ebstein anomaly of tricuspid valve

Hypertrophic cardiomyopathy

Marfan syndrome

Ostium secundum

Long Q-T syndrome (] risk VT)

Prolapse aggravated by hypovolemia and

Atrial dysrhythmias (PSVT)
Ventricular dysrhythmias

Benign

Progressive degeneration of mitral valve
Mitral regurgitation

Complex dysrhythmias

AV = atrioventricular; WPW = Wolff-Parkinson-White; ASD = atrial septal defect; VT = ventricular tachycardia; PSVT = paroxysmal supraventricular

tachycardia

appropriate monitoring; however, it is likely to be ineffective
because the transplanted heart lacks vagal innervation.
Paradoxical slowing and high-degree AV block have been
reported.'”

Dysrhythmias associated with electrolyte
abnormalities

Potassium

Ventricular dysrhythmias may occur with serum potassium (K*)
levels < 3.0mEq/l. Hypokalemia and hypomagnesemia may
attenuate the effects of antidysrhythmic drugs. The serum K* level
should be kept > 4.0 mEq/1.

Magnesium

Low serum magnesium (Mg®>") levels reduce sodium (Na™)-
potassium (K¥) pump activity. This results in increased Na*/
calcium (Ca®*") exchange, raises intracellular Ca** levels, and
reduces intracellular K" concentrations. It is difficult to restore
intracellular K* in the presence of low Mg®* levels. Chronic Mg®*
depletion may occur with diuretic and aminoglycoside therapy,
alcohol abuse, secondary aldosteronism, and malabsorption
syndromes. Serum Mg”" levels may not accurately reflect intra-
cellular Mg®" levels, especially in chronic depletion. Reduced
intracellular Mg*" decreases extrusion of Ca®* (via the calcium—
adenosine triphosphatase pump), resulting in increased Ca®"
currents, which are dysrhythmogenic in triggered automaticity
models.

Clinical reports suggest that Mg?" deficiency is linked with
cardiac rhythm disturbances including PVD, supraventricular and
ventricular dysrhythmias, and Torsade de Pointes.”” Magnesium
therapy reduces the incidence of supraventricular and ventricular
dysrhythmias following MI and cardiac bypass surgery.
Magnesium is also beneficial in digitalis toxic dysrhythmias,
Torsade de Pointes, and refractory ventricular dysrhythmias, even
when the serum Mg?" level is within normal limits. Two grams
of magnesium sulfate i.v., given over two to three minutes, can
be used to treat ventricular dysrhythmias refractory to lidocaine
and procainamide.”

Preexcitation syndromes

Definition

Preexcitation results when an impulse, originating in the atrium,
activates (depolarizes) the ventricular myocardium (whole or in
part) earlier than expected. The clinical syndromes that accom-
pany short PR intervals and anomalous QRS complexes are
shown in Table 2.9. Collectively they constitute the preexcitation
syndromes.’” The incidence of preexcitation in the normal popu-
lation is 0.01% to 0.3%, but it occurs with increased frequency
in MVP “ and Ebstein anomaly. In the majority of cases there is
no evidence of underlying heart disease. Ten percent of indivi-
duals with recurrent PSVT have WPW syndrome.

Pathophysiology

Normally the atria become electrically isolated from the ventri-
cles during fetal development. Incomplete separation leads to an
accessory AV pathway, which may be situated anywhere across
the groove between the atria and ventricles. The most common
site is the left free wall of the heart, but other locations include
posteroseptal, right free wall and anteroseptal. In a minority,
there is more than one accessory pathway.”’

To facilitate the most common form of AV reentrant tachy-
cardia it is only necessary for the accessory pathway to conduct
in a retrograde direction, from ventricles to atria. Many indivi-
duals with AV reentrant tachycardia have an accessory AV path-
way, which is only capable of ventriculoatrial conduction. In
those with WPW syndrome, the pathway is also capable of
anterograde conduction, that is from atria to ventricles. Unlike
the AV node, the accessory connection does not delay conduc-
tion between atria and ventricles. During sinus rhythm, an
atrial impulse reaches the ventricles by both the accessory
pathway and the AV node. The AV node conducts relatively
slowly. Initial ventricular activation is due to conduction via
the accessory pathway, resulting in a shortened PR interval
(ventricular preexcitation). Because the accessory pathway is
not connected to specialized conducting tissue (His-Purkinje
system), early activation is slow, resulting in a slurring of the
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Table 2.9 Preexcitation syndromes

Type EKG Dysrhythmias Clinical implications Treatment
Wolff-Parkinson— Short PR < 120 ms Recurrent May be asymptomatic but 1. PSVT with wide” QRS:
White (WPW) syndrome wide QRS > 120 ms tachydysrhythmias: with typical ECG pattern; suspect AF/flutter
Type A: premature delta wave; ST-T 14-90% WPW = 1 frequency dysrhyth- DC cardioversion
excitation of LV directed opposite AVreentrant tachycar- mias in pregnancy (50-100 joules) or i.v. sotalol,
Type B: premature delta wave + QRS dia, atrial fibrillation, Associated conditions: flecainide, disopyramide,
excitation of RV vectors or atrial flutter MVP or amiodarone (“adenosine
Most often precipitated Ebstein anomaly, contraindicated)
by premature beat balloon mitral 2. Surgical interruption of
arising in atria, valve +/- accessory pathway after
ventricle mitral insufficiency, epicardial mapping (when
or AV junction ASD/form fruste not pregnant)
cardiomyopathy
Fetus with WPW
predisposed to
dysrhythmias in utero
Lown Ganong Levine & PR usually short; Variety of 1. AV reentrant tachycardia
variants QRS normal; tachydysrhythmias can (PSVT) with narrow QRS:
Refractory period be life-threatening: i.v. adenosine or verapamil
normal or decreased — Tachycardia with (Alt: digoxin, propranolol)
regular narrow QRS 2. Cryoablation of AV
— AF with rapid node-His bundle
ventricular response
— VT/VE

Nodoventricular +

Reentrant tachycardias

Associated condition(s):

Fascioventricular

Ebstein anomaly

AF = atrial fibrillation; AV = atrioventricular; MVP = mitral valve prolapse; ASD = atrial septal defect; DC = direct current; i.v. = intravenous;

VT = ventricular tachycardia; VF = ventricular fibrillation PSVT = paroxysmal supraventricular tachycardia

ventricular complex (delta wave). During sinus rhythm, the
ventricular complex is a fusion between the delta wave and
normal QRS complex.

-
EKG findings

The typical EKG in WPW syndrome shows a shortened PR interval
< 120 ms with a slurred upstroke (delta wave) and broadened QRS
complex and ST-T waves directed in the opposite direction from
the QRS vector (see Figure 2.2).

Associated dysrhythmias

Approximately two-thirds of individuals with preexcitation
develop cardiac dysrhythmias during their life. The incidence of
supraventricular dysrhythmias in women with WPW syndrome
may increase during pregnancy.’’ Two dysrhythmias occur with
WPW syndrome: AF and, more commonly, atrioventricular reen-
trant tachycardia.

When AF (350-600 impulses/min) occurs in individuals with-
out preexcitation, the AV node protects the ventricles from rapid
atrial activity. Individuals with WPW syndrome who develop AF
can have very fast ventricular rates, as the accessory pathway can
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conduct very quickly. The EKG will show a totally irregular ven-
tricular response characteristic of AF. The shape of some of the
ventricular complexes will be normal, but most ventricular com-
plexes will show delta waves. A very rapid ventricular response to
AF can lead to heart failure, shock, and an increased risk of VF.
Ventricular fibrillation is usually seen when the interval between
delta waves during AF is <250 ms. The risk of VF is very low in
individuals who are asymptomatic and in those with intermittent
accessory pathway conduction.

Usually the AV node recovers before the accessory pathway
after excitation. If an atrial ectopic beat arises during sinus
rhythm when the AV node has recovered but the accessory path-
way has not, the resulting ventricular complex will be narrow
and not have a delta wave. By the time the PAD has traversed
the AV junction and ventricles, the accessory pathway will have
recovered and be able to conduct the impulse back to the atria.
When the impulse reaches the atria, the AV junction will again
be able to conduct and the impulse can repeatedly circulate
between atria and ventricles, leading to an AV reentrant tachy-
cardia. Similarly, a ventricular ectopic beat during sinus rhythm
can be conducted to the atria via the accessory pathway and
initiate AV reentrant tachycardia. The EKG will show narrow
ventricular complexes (unless there is a rate-related BBB) in
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Figure 2.2 EKG of patient with Wolff-Parkinson-White syndrome.

rapid regular succession. Unlike AF, there will be no delta waves,
and there will be no clue from the ventricular complexes that
WPW syndrome is present. This is termed orthodromic AV reen-
trant tachycardia (anterograde conduction via normal AV node
pathway, retrograde conduction from ventricles to atria via acces-
sory pathway). Antidromic AV reentrant tachycardia, much less
common, occurs when anterograde conduction from atria to
ventricles is over the accessory pathway and return to the atria
is via the AV pathway. The ventricular complexes will be in the
form of large delta waves.

In pregnancy

As noted earlier, pregnancy may predispose women to the devel-
opment of tachydysrhythmias. Women with known WPW syn-
drome whose condition has been stable during the nonpregnant
state can develop dysrhythmias during pregnancy.”"”>°%°""% It is
important to monitor the at-risk parturient sufficiently to identify
a tachydysrhythmia, as well as monitor the fetus to detect adverse
fetal effects from a dysrhythmia.

Treatment

Radiofrequency ablation of the accessory pathway should be
considered in all symptomatic individuals, especially if drug
therapy is ineffective or cannot be tolerated, or if there is a
fast ventricular response to AF.”” Occasionally, ablation is indi-
cated in an asymptomatic individual when the consequences of
developing a serious dysrhythmia might jeopardize their safety
or that of others by nature of their occupation. The success
rate for radiofrequency ablation procedures is high and the
risks are low.

During AV reentrant tachycardia (orthodromic type), there
are no delta waves and no evidence from the ventricular complex
of preexcitation. Treatment is the same whether or not there is
preexcitation. Vagal stimulation (carotid sinus massage, Valsalva
maneuver) is chosen frequently as the initial treatment for AV
reentrant tachycardia, followed by adenosine (see Table 2.10).

During AF associated with WPW syndrome, most of the ventri-
cular complexes are broad due to presence of large delta waves.
If the hallmark of AF (totally irregular rhythm) is ignored, the
rhythm may be mistaken for VT. Most atrial impulses are con-
ducted to the ventricles via the accessory AV pathway during
AF. Cardioversion is the simplest method for termination of AF
and has been used successfully, with no adverse effects on preg-
nancy, mother, or fetus, with the exception of transient fetal
dysrhythmias.”® If AF recurs frequently, cardioversion is not
appropriate and a drug that will slow conduction in the accessory
pathway, such as sotalol, flecainide, disopyramide, or amiodar-
one, is recommended. These drugs slow the ventricular response
to AF and frequently restore sinus rhythm.”’ Digoxin and verapa-
mil should be avoided because they may increase conduction
through the accessory pathway, increase the ventricular rate,
and precipitate VF. The risk of VF is increased when the minimum
interval between delta waves during AF is < 250 ms.*’

Anesthetic implications

Tachydysrhythmias may develop during anesthesia in individuals
with known WPW and other preexcitation syndromes. Women
presenting for anesthesia with an established tachycardia are, of
course, best treated by first correcting the dysrhythmia. In gen-
eral, agents and techniques likely to cause undue tachycardia and
circulatory disturbance should be avoided.
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Table 2.10 Treatment of WPW dysrhythmias

Atrioventricular reentrant

tachycardia Atrial fibrillation (AF)

ECG: broad ventricular complexes
(large delta waves) -+ totally
irregular rhythm (can be mistaken
for VT)

Risk of VF during AF when < 250 ms
between delta waves

Treatment: Treatment:

Table 2.11 LQTS: classification and etiology

Congenital syndromes

Acquired
Electrolyte abnormalities

Jervell, Lange-Nielsen syndrome
(autosomal recessive)

Romano-Ward syndrome
(autosomal dominant)

Hypokalemia, hypomagnesemia,

1. Vagal stimulation 1. Cardioversion: simplest, safest

2. Drugs: adenosine,
verapamil

3. DC cardioversion (with
sedation or GA)

4. Pacing (overdrive or
programmed stimulation)

method to terminate AF (unless
frequently recurrent)

2. Drugs: ibutilide (acute conversion
of AF, FDA approved), amiodarone,
sotalol, flecainide (slow conduction
in the accessory pathway)

Avoid AV nodal blocking drugs
(digoxin, verapamil, beta-blockers)
which | refractory period in
accessory pathway, ] ventricular
rate and may precipitate VF
Prevention: Prevention:
1. Drugs: amiodarone, sotalol, 1. Ablation of accessory pathway
flecainide Consider in all symptomatic
2. Ablation of accessory patients (success-rates high,
pathway risks low)**
Consider in all symp-
tomatic patients (success-

rates high, risks low)”

WPW = Wolff-Parkinson-White; DC = direct current; GA = general
anesthesia; VT = ventricular tachycardia; VF = ventricular fibrillation

Avoiding aortocaval compression is important. The effects
of such an obvious insult to cardiac output, especially if the
woman is already compromised by a tachydysrhythmia, can be
disastrous.

Long QT syndrome

Long QT syndrome (LQTS) refers to a heterogeneous group
of disorders (see Table 2.11) that have in common a prolonged
QT interval on EKG and a propensity to a particular type of
VT called Torsade de Pointes (TdP). Cardiac output and BP tend
to fall dramatically with resultant syncope. Most tachydysrhyth-
mic episodes stop spontaneously with return of consciousness,
but some may degenerate into VF and result in sudden cardiac
death. Ventricular dysrhythmias and symptoms are frequently
triggered by increased sympathetic activity associated with
acute emotional or physical distress.

QT interval prolongation and TdP are more common in
women, possibly due to gender differences in ion channels.”
The baseline QT interval is longer in women than in men.
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Malnutrition or liquid-protein hypocalcemia
diet
Drugs: Antidysrhythmics:*
Cardiac Class Ia agents: quinidine,
procainamide, disopyramide
Class Ic agents: flecainide,
encainide, indecainide, lidocaine
Class III agents: amiodarone, sotalol
Coronary vasodilator: prenylamine
Anesthetic Thiopental, succinylcholine,
epinephrine, norepinephrine
Psychotropic Phenothiazines, tricyclics, tetracyclic
drugs
Miscellaneous Organophosphate insecticides, other

Central nervous or Intracranial, subarachnoid

autonomic system injury hemorrhage
Acute cerebral thrombosis
Cardiac diseases Bradydysrhythmias:
sick sinus syndrome, high-grade
AV block
structural heart disease
ischemic heart disease, mitral
valve prolapse
cardiomyopathy, myocarditis,
ischemia

Metabolic abnormalities Hypothyroidism, hypothermia

“Vaughan Williams classification of antidysrhythmic drugs
LQTS =Long QT syndrome; AV = atrioventricular

TdP associated with QT prolongation appears related to est-
rogen levels and is more frequent in menstruating women.
Women appear to be especially susceptible to QT prolongation
from drugs and the incidence of TdP associated with medications
(e.g. quinidine, class III antidysrhythmics, tricyclic antidepres-
sants) appears higher in women.”*“’ The degree of QT prolonga-
tion does not seem to have any prognostic value.

Long QT syndrome is now understood to be a collection of
genetically distinct dysrhythmogenic cardiovascular disorders
resulting from mutations in the genes encoding the ion channels
responsible for three of the fundamental ionic currents in the
cardiac action potential.®’ More than 35 mutations in 4 cardiac
ion channel genes have been identified, and currently molecular
genetic testing is available for the KCNQ1, KCNH2, SCN5A,
KCNE1, and KCNE2 genes.®”’ LQTS has a prevalence of 1:1100
to 3000.%° Long QT syndrome is categorized as inherited (Jervell,
Lange-Nielsen syndrome, Romano-Ward syndrome) or acquired.
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Figure 2.3 EKG of patient with long QT interval.

The “acquired” group are now considered to be silent mutation
carriers in whom a specific trigger unmasks the condition.”

The diagnosis of LQTS is based on clinical history, family his-
tory, and EKG. Long QT Syndrome is symptomatic in approxi-
mately 60% of patients. Clinical symptoms include syncope
(26-30%), seizure (10%), and cardiac arrest (9%), usually second-
ary to adrenergic arousal. In the 40% who are asymptomatic,
diagnosis is based on a family history or EKG and/or gene
testing.”” A positive family history includes a history of sudden
cardiac death in an immediate family member before age 30, or a
family member with a confirmed diagnosis of LQTS. Women with
a history of unexplained syncope, documented polymorphic VT,
or a family history of sudden cardiac death, should be carefully
screened for this disorder. At a minimum, this screening would
entail obtaining an EKG and a more detailed family history.””

QT interval

Prolongation of the QT interval is defined as a QT interval corr-
ected for HR (QTc) >440ms for males, and >460 ms for post-
pubertal females (see Figure 2.3). Optimal measurement of the
QT interval, which varies with HR and autonomic tone, is
obtained during a resting state with simultaneous recording of
several limb leads, and measurement of the QT interval in lead II
(if T wave amplitude is reasonable). Using Bazett’s formula, the
QTc is obtained by dividing the measured QT interval by the
square root of the preceding R-R interval in seconds. The mea-
sured QT interval may also be compared against Simonson’s age-
and-rate adjusted normal range of values of the QT interval.®®

A prolonged QT interval is generally taken to represent abnor-
mal repolarization of cardiac muscle, and it is during the vulner-
able relative refractory period of ventricular repolarization that

ventricular dysrhythmias are most easily triggered. The QT inter-
val normally shortens with increasing HR and shows circadian
periodicity with a nadir during sleep and a peak shortly after
awakening, corresponding to the hours when the risk of sudden
cardiac death is highest.”

Torsade de Pointes

A small minority of patients with QT prolongation from any cause
are at risk for developing TdP. Torsade de Pointes is characterized
by phasic changes in amplitude and polarity of the QRS com-
plexes so that the peaks appear to be twisting around an imagin-
ary isoelectric baseline (twisting of the points).

Jervell, Lange-Nielsen syndrome (JLNS)

This syndrome, first described in 1957, is characterized by long

QTc, (usually >500 ms), bilateral sensorineural deafness, and an
autosomal recessive pattern of inheritance involving the KCNQ1
and KCNE1 genes.”” A deaf child experiencing syncope during
physical exertion, fright, or stress is the typical presentation of
this syndrome. The syncopal episodes and occasionally sudden
death, result because of triggered ventricular tachydysrhythmias
(VT, VI-TdP, VF) occurring in association with the prolonged QT
interval.®”

Romano-Ward syndrome

This syndrome, described in 1963 by Romano and in 1964 by
Ward, refers to individuals with normal hearing who have the
same prolonged QT interval, T wave abnormalities, propensity to
develop syncope associated with ventricular tachydysrhythmias
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(VI-TdP, VT, VF), as seen in JLNS. The pattern of inheritance is
autosomal dominant with varying expression.”” Cardiac events,
more common from the preteen years through the 20s, may
occur at any age, from infancy onward.”® The fetus, due to
genetic dominance, has a 50% probability of inheriting the
disorder.”

Management of these two syndromes is directed toward pre-
venting syncope, cardiac arrest, and sudden death. Current recom-
mendations include avoidance of activities known to precipitate
syncope and avoidance of drugs known to prolong the QT interval.
Current therapies include beta-blocker therapy, insertion of car-
diac pacemakers and implantable cardiac defibrillators.

Acquired LQTS
Triggers for QT prolongation and TdP

Prolonged QT can be precipitated by drugs, electrolyte disturb-
ances, hypothermia, and any cause of sympathetic stimulation
(Table 2.11).%

Increased caution is recommended when treating women
(pregnant and nonpregnant) with antidysrhythmic drugs. Class
Ia drugs (quinidine, procainamide, disopyramide) cause TdP with
equal frequency.’® Class Ic drugs (flecainide, encainide, indecai-
nide, lidocaine), Class III drugs (amiodarone, sotalol), and preny-
lamine (coronary vasodilator) produce TdP less commonly.®
Torsade de Pointes has not been reported with Class Ib drugs,
which shorten the QT interval, or with beta-adrenergic blockers or
calcium antagonists. In about half of the patients, drug-induced
TdP occurs within the first three to four days of initiation of
therapy, but late onset occurrence (months to years later), usually
in association with a change in drug dose, electrolyte imbalance,
or a bradydysrhythmia, is also seen.”” Warning signs of an
impending drug-induced TdP may be the new appearance of a
peculiar ventricular bigeminy with late cycle PVD and bizarre
postpause T wave changes in association with a moderate QT
prolongation.”® Phenothiazines and tricyclic antidepressant
drugs, similar to quinidine electrophysiologically, increase the
duration of the QRS complex, prolong the QT interval, and cause
T wave flattening with U wave prominence. These EKG changes
occur in about 50% of patients treated with phenothiazines
(thioridazine > chlorpromazine or trifluoperazine) and about
20% of patients treated with tricyclic antidepressants. Increased
ventricular irritability is a potential complication with therapeu-
tic as well as toxic doses of these psychotropic drugs. Although the
risk of TdP is relatively low, it has been documented to occur with
the majority of psychotropic drugs, thioridazine being implicated
most often. Episodes of TdP are often preceded by abrupt sympa-
thetic activation, such as might occur with anger, fright, or sud-
den awakening.

Long QT syndrome is sometimes associated with central ner-
vous system diseases such as intracranial aneurysms, sub-
arachnoid hemorrhage, acute cerebral thrombosis, and brain
metastases. Torsade de Pointes can also be precipitated by severe
hypokalemia and severe hypomagnesemia alone or in combina-
tion, and hypokalemia in combination with antidysrhythmic or
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psychotropic drug therapy. Although hypocalcemia may prolong
the QT interval, it is seldom associated with the development of
TdP. Torsade de Pointes is a rare complication of liquid-protein
modified-fast dieting in individuals who have had significant rapid
weight loss over a short period of time and exhibit QT prolongation
on EKG. Bradydysrhythmias can also cause TdP. Ventricular dys-
rhythmias (some TdP in morphology) are implicated as a cause of
syncope in 10% to 60% of patients with high-grade AV block and
syncope, and in 4% to 7% with sick sinus syndrome and syncope.
Some patients with MVP, who also have QTc prolongation, have a
higher prevalence of ventricular dysrhythmias.

Treatment

Treatment options include beta-blockers, pacemaker, auto-
mated internal cardioverter-defibrillator (AICD), and/or left cer-
vicothoracic sympathectomy. Untreated symptomatic LQTS is
estimated to have >20% mortality rate in the first year of diag-
nosis. Schwartz reported a decrease in mortality from 71% in
untreated patients to 6% in patients treated with beta-blockers.””
However, beta-blocker therapy was ineffective in approximately
25% of cases.”’

The goal of treatment is to prevent and treat any dysrhythmia
that can result from prolonged QT interval. Immediate therapy
should include withdrawal of the offending agent(s) and correc-
tion of any underlying electrolyte abnormality, hypothermia, and
cause of sympathetic stimulation. Failure to diagnose LQTS may
lead to continued use of the offending agent as well as adminis-
tration of antidysrhythmic drugs capable of further prolonging
the QT interval, thus increasing the risk of developing a fatal
dysrhythmia.

Beta-blockers are the first line of treatment. Beta-blocker ther-
apy plays a significant role in effectively suppressing ventricular
dysrhythmias, which are often precipitated by sympathetic activ-
ity. In someone with LQTS, suppression of PVD may be beneficial
as PVD may be a precursor of TdP or VT. In full doses, beta-
adrenergic antagonists completely suppress or significantly
reduce the frequency of symptoms, although the QT interval
remains unaffected. A “full” (maximum) dose of propranolol is
that which is tolerated, or produces symptomatic bradycardia.
Atenolol is a longer-acting cardioselective beta-blocker with
fewer side effects than propranolol.

A permanent pacemaker, programmed to prevent bradycardia
and pauses (anti-bradycardia pacing), which have the potential to
trigger a dysrhythmia, can be helpful when used in conjunction
with beta-blocker therapy.”' Temporary overdrive pacing is a
form of emergent therapy in the presence of a life-threatening
dysrhythmia.

An AICD is indicated when symptoms (e.g. syncope) persist,
and dysrhythmia is documented despite beta-blocker therapy,
or when the initial presentation is cardiac arrest.”” An AICD
reduces the incidence of sudden death when the episode of
TdP is prolonged or proceeds to VF. Continuation of beta-
blocker therapy is recommended when an AICD has been
implanted.””” In parturients with a pacemaker or an AICD,
the usual precautions should be taken to obtain a full history



Chapter 2

Table 2.12 LQTS: treatment in pregnancy

Clinical state

Treatment Goal of treatment

Congenital LQTS

Benign LQTS — Asymptomatic (no syncope history) + no
family history of sudden death or complex ventricular
dysrhythmias

Asymptomatic with family history of premature sudden
death or complex ventricular dysrhythmias
Symptomatic LQTS
a. >1 episode of syncope without prior treatment
b. Recurrent syncope despite beta-blocker + left
cervicothoracic ganglionectomy
c. Sustained life-threatening
dysrhythmia (acute situation)
Drug-refractory LQTS syncope despite intensive drug
therapy or disabling drug side effects

Recurrent cardiac arrest

Acquired LQTS

Induced change in ECG pattern: prolonged QTc interval
(>440ms), | PVD + bigeminy, VT, Torsade de Pointes

Sustained Torsade de Pointes
Prevention of recurrent malignant ventricular dysrhythmias

No prophylactic treatment 1. | excess sympathetic activity

2. Prevent and suppress
ventricular tachydysrhythmia

3. Maintain uteroplacental
perfusion

Full dose“ beta-blocker

a. Full dose beta-blocker
b. Consider pacemaker
c. Temporary overdrive pacing

Left cervicothoracic sympathetic
ganglionectomy

Chronic overdrive cardiac pacing
AICD

Discontinue causative drug Early recognition
Correct underlying electrolyte & Treat cause
metabolic abnormalities Avoid drugs & conditions which cause
(hypokalemia, hypomagnesemia, QT prolongation +/or potentiate
hypocalcemia) ventricular dysrhythmias
Electrical defibrillation

Isoproterenol infusion

Cardiac pacing

“Full dose: beta-blockers should be administered to the maximum tolerated dose/symptomatic bradycardia

LQTS =Long QT syndrome; AICD = automatic implantable cardioverter defibrillator; ECG = electrocardiogram;

PVD = premature ventricular depolarization; VT = ventricular tachycardia

about the device and consult with the manufacturer or cardiol-
ogist about management of the device throughout pregnancy,
especially peripartum.

Left cervicothoracic sympathectomy is reserved for patients
who are refractory to other types of treatment.”” Genotype-
directed therapy is under investigation as a future treatment
option. Any episode of TdP should be treated by cardioversion,
defibrillation, and magnesium sulfate.

In pregnancy

Over 900 cases of LQTS have been described in the literature,
but there are relatively few reports of LQTS in preg-
nancy.(ﬂ,74,73,76,77,78,75],2%(),81.82 One Study has ShOer that women
with LQT1 caused by the common KCNQ1-A341V mutation
are at low risk for cardiac events during pregnancy especially
if beta-blocker therapy is used.”” Cesarean section was more
likely if the neonate was a carrier of the same mutation.”

Interpretation of fetal cardiotocographic monitoring during
possible fetal distress may be difficult when full doses of beta-
adrengergic blocking drugs are administered to the mother, or
when there is a possibility that the fetus may have inherited the
cardiac conduction defect. Monitoring for fetal acidosis with
periodic fetal scalp sampling may be the only way to ade-
quately diagnose fetal distress. Neonatal bradycardia and hypo-
glycemia secondary to beta-blockade should be anticipated and
managed as necessary. The treatment of LQTS is summarized
in Table 2.12.

Anesthetic management of the
parturient with LQTS

Booker has reviewed the principles of anesthetic management of
the patient with LQTS (Table 2.13).°° It is important to reduce
emotional stress and anxiety because high levels of circulating
catecholamines can precipitate dysrhythmias in patients with
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Table 2.13 LQTS in pregnancy: anesthetic considerations

ASSESSMENT
1. Establish whether congenital or acquired long 1. Continue (or establish) appropriate treatment.
QT syndrome (LQTS)
2. Assess status: 2. Avoid triggering cardiac dysrhythmias & increasing catecholamine (CA) levels:
a. electrolytes a. correct hypokalemia, hypomagnesemia, hypocalcemia
b. temperature b. correct hypothermia
c. blood pressure c. avoid/correct hypotension (left uterine displacement, hydration, vasopressors)
d. pain d. adequate pain relief
e. physical/emotional stress & anxiety e. avoid sudden loud noises, vigorous physical exertion (sudden demands for maximal
performance) in congenital LQTS
f. provide information, reassurance, emotional support
g. deaf signage if needed (Jervell, Lange-Nielson syndrome (JLN))
h. judicious use of anxiolytics.
3. History drugs known to cause QT interval 3. Avoid or use cautiously:
prolongation: a. quinidine, procainamide, disopyramide, flecainamide, encainamide, indocainamide,
a. antidysrhythmics lidocaine, sotalol, prenylamine
b. psychotropic drugs b. phenothiazines, tricyclic antidepressants, lithium
c. anesthetic drugs c. thiopental (minimal QT prolongation), succinylcholine, norepinephrine, ephedrine.
4. History ventricular dysrhythmias +/ - 4. Anticipate & be prepared to treat with drugs, defibrillation, overdrive pacing.
bradydysrhythmias
LABOR AND DELIVERY
1. Monitors & special preparation 1. Monitor mother & fetus, continuous monitoring if symptoms or dysrhythmia; defibrillator
on standby: immediately available.
2. Interpretation of fetal cardiotocographic 2. Fetal heart rate (FHR) & pattern may reflect beta-blocker therapy (or other
monitoring antidysrhythmic drug) or possible inherited LQTS abnormality.
Fetal scalp sampling may be required to establish fetal acidosis & diagnose fetal distress.
3. Left uterine displacement 3. Avoid aortocaval compression.
4. Effects of therapy on fetus & newborn 4. Diagnosis of fetal distress from FHR may be difficult, may need fetal scalp sampling.
Treat neonatal bradycardia, hypoglycemia if indicated.
REGIONAL ANESTHESIA
1. Sympathetic nervous system blockade 1. Advantageous (decreases catecholamine (CA) levels); avoid relative parasympathetic
overdrive — sudden bradycardia (PR prolongation).
2. Hemodynamic stability 2. Avoid precipitous drop in BP, use direct & indirect vasopressors judiciously to avoid
triggering dysrhythmias & consequences of hypotension.
3. Lumbar epidural anesthesia 3. Titrate local anesthetic cautiously. Allows more hemodynamic stability. Avoid epinephrine
with local anesthetic or take precautions.
4. Subarachnoid block 4. Quality/density of block usually better (less pain).
Block level less predictable & less controllable.
May be more hypotension - treat judiciously.
Treat significant bradycardia immediately with atropine/ephedrine.
GENERAL ANESTHESIA
1. Rapid sequence induction & intubation 1. Minimize CA response; beta-blocker useful (topical/i.v. lidocaine may prolong QT interval).
2. Catecholamine increases 2. Maintain adequate depth of anesthesia; avoid hypoxia, hypercarbia, hypotension.
3. Myocardial sensitization to CA 3. Avoid halothane.
4. Drugs with sympathomimetic properties 4. Avoid or use cautiously ketamine, pancuronium, atropine.
5. Drugs with documented safety in LQTS 5. Thiopental (minimal QT prolongation; clinically insignificant), vecuronium, fentanyl, isoflurane.

CA = catecholamine.

LQTS. Drugs and techniques that minimize catecholamine release
and cardiac sensitization to catecholamines should be selected. For
those individuals who are profoundly deaf (JLNS), effective com-
munication and reduction of stress and anxiety may be enhanced

by an interpreter skilled in deaf signage. Treat conditions known to
aggravate QT prolongation, (e.g. hypokalemia, hypomagnesemia,
hypocalcemia) and avoid drugs like procainamide, quinidine, lido-
caine, droperidol, ondansetron, and phenothiazines.

48



Chapter 2

A combined spinal epidural technique has been used for vagi-
nal delivery in a woman with LQTS.?’ The intial QTc was > 600 ms
and remained prolonged at 560 ms after 11 months’ therapy with
atenolol. There were no untoward effects from the neuraxial
analgesia technique.”’

In another report, spinal anesthesia normalized the QTc that
had been prolonged in women with severe preeclampsia.”” It was
postulated that hypertension in pregnancy may be associated
with hypocalcemia that in turn prolongs the QT interval; sympa-
thetic blockade from spinal anesthesia was thought to be respon-
sible for shortening the QTc.*

82

Pacemakers and related devices in pregnancy

Women with pacemakers have conceived and carried pregnancies
to completion successfully. Also, pacemakers have been implanted
during pregnancy with good maternal and fetal outcomes. Current
pacemakers and related devices provide more sophisticated sup-
port of the cardiovascular adaptations imposed by pregnancy than
in the past. For example, rate-responsive pacemakers, pro-
grammed to sense a variety of stimuli (e.g. muscle activity, minute
ventilation) in addition to atrial and ventricular activity, respond
by raising the HR when increased cardiac output is needed.”

Pacemakers in pregnancy®’%>%%%75%57

A parturient is most likely to present with or require a pacemaker
or pacemaker-related device (e.g. an implantable cardiac defibril-
lator (ICD)) for definitive or prophylactic treatment of: (1) an intrin-
sic or surgically-induced second-degree (type II) or third-degree
heart block; (2) a symptomatic, hemodynamically significant bra-
dydysrhythmia or tachydysrhythmia (recurrent or unresponsive to
drugs); or (3) a potential life-threatening dysrhythmia. In a pregnant
woman such dysrhythmias or conduction problems are likely seen
in conjunction with an intrinsic cardiac condition (congenital,
rheumatic or ischemic heart disease, a preexcitation syndrome,
LQTS) or in association with a cardiac surgical procedure.
Pacemaker therapy is occasionally chosen because of drug refrac-
toriness or intolerance to side effects.

Pacemaker/ICD-associated complications
in pregnancy

The probability of successful completion of pregnancy with a
pacemaker is favorable. Although uncommon in pregnancy
(approximately 25 reports in the literature since 1962), there
have been documented problems associated with pacemakers
(see Table 2.14).°® Appropriate recognition and treatment of
these complications is essential to ensure optimal maternal and
fetal outcomes.””

Anesthetic management of the parturient
with pacemaker/ICD

These patients require careful evaluation of their general status,
review of cardiac history, specifically reviewing their underlying

Table 2.14 Pacemaker associated complications in pregnancy

1.
28
3.
4.

Discomfort at implantation site
Ulceration at implantation site
Pacemaker failure

New signs and symptoms

a. dizziness (exertion/rest)

b. dyspnea (exertion/rest)

c. pulmonary edema

d. dysrhythmia

e. extrasystoles

f. tachycardia

5. Intrauterine growth restriction
6. Fetal dysrhythmia

Table 2.15 Review of pacemaker function

Assessment Rationale

1. Indications Optimize pacemaker

2. Signs/symptoms at time of insertion functioning to meet |

3. Course to date demands antepartum,

4. Type, model, response mode(s) of labor/delivery,
pacemaker (see patient identification postpartum

card if available)

5. Pulse generator: replacement date
(5-10 year life span device and
operation mode(s))

6. Date pacemaker most recently
evaluated

heart disease, looking for new or recurrent cardiac signs and
symptoms (chest pain, confusion, dizziness, shortness of breath,
syncope).” A thorough assessment of pacemaker type and func-
tion should be performed (see Tables 2.15, 2.16). Depending
on the pacemaker type (e.g. antitachycardia pacemaker) and pro-
gramming, special adjustments may be required. Interference
from electrical sources (cautery, transcutaneous electrical nerve
stimulation) or from other stimuli (shivering, excess catechola-
mines, temperature) may have important consequences (see
Table 2.17). Consultation with a cardiologist regarding appropri-
ate programming is beneficial. Generally speaking these patients
benefit from good analgesia during labor. Epidural analgesia
decreases catecholamines and allows flexibility if an operative
delivery is required.

Antidysrhythmic drugs

Important considerations when using antidysrhythmic drugs in

pregnancy and lactation are:

e adjustments in drug dosage necessitated by changes in mater-
nal physiology

e effect of antidysrhythmic drugs on maternal hemodynamics
and placental perfusion
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Table 2.16 Anesthetic assessment: pacemaker function

Component

Potential problems

Action

Pulse generator pocket

Location:
Pectoralis muscle (sc pocket)
left or right subclavian area
Abdomen LUQ
Pulse generator (PG)
size/shape (usual =2 x 5"")
Components
Microchip (contains program)

Battery (= most of unit); runs

the microchip

Epicardial leads

Rate-responsive pacemakers (PM)

Stimuli sensing options:
Muscle activity — responsive
MV(TV + RR) - responsive
Evoke QT- responsive
Temperature-responsive
RV dP/dT

(preload/afterload)

Discomfort at implantation site

Ulceration at implantation site

May become mobile/loose with external
manipulation

Usual location unless myopotential inhibition has
been a problem

Not an appropriate location during pregnancy

Malfunction

Capture problems
Sensing problems

Battery failure

Competitive inhibition
(electromagnetic interference)
Transcutaneous electrical nerve stimulators
(TENS)
Electrocautery
Peripheral nerve stimulators

Lead displacement/fracture:

1 likelihood with newly-placed or temporary
leads/trauma

Common sites:

Lead/PG connection
Insertion into subclavian vein
Clavicle/1st rib

Competitive sensing/capture
Fasciculations, shivering, seizures
Positive pressure ventilation

CA triggered “R on T”

Body temperature changes

Hemodynamic changes

Identify problems with generator pocket
(implantation site)

Note location of pulse generator
Relocate appropriately if necessary

Review EKG for appropriate sensing, pacing,
capture®

Confirm capture by demonstration of a pulse
simultaneously with EKG
Avoid absorption of toxic amounts of LA, which
can lead to loss of capture
Replace battery if battery is known to be at end of
life or soon due for elective replacement
Avoid or use very cautiously:
Magnet in presence of electromagnetic
interference
TENS
Electrocautery
Peripheral nerve stimulator
If necessary, chest x-ray” can identify:
number, position, integrity of pacing leads
Pacemaker ID code
Caution re: PAC monitoring with recently
inserted pacemaker leads
Ensure external pacemaker leads well insulated
from contact with any source of potential
current leakage
Know how PM is programmed re: response
mode(s)
Beware potential problems, make appropriate
adjustments & verify PM function afterward
Avoid shivering/fasciculations; avoid
succinylcholine except RSI; NDMRs
preferable; RA not contraindicated

Control TV+RR

Minimize CA discharge

Keep temperature normal

Consult cardiologist re: appropriate
programming

“Capture may be confirmed by demonstration of a pulse simultaneously with EKG monitoring.

b Chest x-ray used in pregnant women only when definitely indicated.

sc = subcutaneous; LUQ =left upper quadrant; ID = identification; MV = minute volume; TV = tidal volume;

RR = respiratory rate; RV =right ventricle; CA = catecholamine; RA = regional anesthesia; LA =local anesthetic: NDMR = nondepolarizing muscle

relaxants; PAC = pulmonary artery catheter
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Table 2.17 Anesthetic management: parturient with

pacemaker

Table 2.18 FDA classification of drugs

FDA
PROBLEM MANAGEMENT category  Definition
Pain (] CA levels) Provide adequate pain relief A Well conducted human studies have failed to demonstrate
Comfort measures and relaxation techniques any effect on the fetus in any trimester.
TENS; Nitrous oxide/oxygen B No evidence of risk in humans. Animal studies indicate no
Narcotics (IM, i.v., i.v.-PCA) effect with human studies lacking, or animal studies
Regional anesthesia (LEA; SAB) indicate some harm not confirmed in human studies.
General anesthesia C Adequate human studies are lacking, and animal studies
Monitors & special Continuous cardiac monitoring of mother have shown adverse effects. Possibility of adverse
preparation and fetus effects.
Pulse oximetry (Sa0,); ABG; ESS prn D Human studies indicate fetal risk. However, the benefits
Alternative or emergency methods of pacing may outweigh risks in pregnant women.
immediately available X Contraindicated in pregnant women. Human or animal
Cardiologist available (PM malfunction; studies indicate substantial fetal risk outweighing the
complications) potential benefits.
Antitachycardia May sense ESU/other intraoperative
pacemakers stimulating devices (misinterpret stimuli FDA = Food a@gDrug g@nistration

as cardiac activity)
Cardiologist consultation/involvement in care
Decision re: deactivation antitachycardia
function preop

CA = catecholamine; TENS = transcutaneous nerve stimulation;
IM = intramuscular; i.v. = intravenous; i.v.-PCA = intravenous
patient-controlled analgesia; LEA =lumbar epidural analgesia;
SAB = subarachnoid block; ABG = arterial blood gases; FSS = fetal
scalp sampling; PM = pacemaker; ESU = electrosurgical unit;

prn = as necessary

e placental transfer and direct effects on the fetus
e potential for teratogenicity
e secretion in breast milk.

Experience with the use of some antidysrhythmic drugs in
pregnancy, especially the newer ones, is limited. Based on the
evidence available, the FDA has graded antidysrhythmic drugs
according to the relative safety of their use in pregnancy (see
Table 2.18). The risk of pro-arrhythmia with both class IA and III
antidysrhythmics is the most worrisome side effect for mother.
For this reason it is recommended that continuous ECG monitor-
ing be used when therapy with these drugs is initiated, and that
the need for drug therapy be reassessed on a regular basis.”""’
Drugs commonly used to treat dysrhythmias during pregnancy
are summarized in Table 2.19.

Adenosine

Adenosine, now commonly used as the initial drug treatment for
acute narrow-complex tachycardia (PSVT), successfully termi-
nates more than 90% of PSVT.”>”* Adenosine depresses SA node
automaticity and slows AV nodal conduction time and refractori-
ness. It terminates PSVT of the reciprocating type and nodal
reentrant type (including those associated with accessory bypass
tracts). It is an effective alternative to verapamil. If adenosine

results in SVT conversion, monitoring for recurrence and treat-
ment with adenosine should follow. The rate can be controlled
with a longer-acting AV nodal blocking agent (e.g. diltiazem or
beta-blocker). Adenosine also provides a valuable new approach
to the management of wide-complex tachycardia of uncertain
cause, as it unmasks atrial activity allowing the diagnosis of atrial
flutter and intra-atrial tachycardia. It has no effect on ventricular
tachycardia or preexcited tachycardia.”

Adenosine is safe and effective in pregnancy.’” Its use in preg-
nancy was first described in 1991°° with several more cases
reported since.”””"?*97%% Adenosine crosses the placenta, but
the rapid onset (<1min) and short half-life (<10s) following
intravenous use minimize the potential for fetal effects.”” '’
A fetus is more likely to be affected by a maternal dysrhythmia
than by adenosine itself, because of its short half-life. Larger
doses may be required for patients with a significant blood level
of theophylline or caffeine. The initial dose should be decreased
to 3mg in women taking dipyridamole or carbamazepine, those
with transplanted hearts, or if given by central venous access.

Commonly reported adverse maternal effects include facial flush-
ing, headache, sweating, dyspnea, and chest pain. Symptoms asso-
ciated with transient asystole may be distressing. Hemodynamically
unstable proarrhythmia requiring electrical cardioversion and pro-
cainamide have been reported after standard doses of adenosine in
the setting of ventricular preexcitation (WPW syndrome).”””"

If SVT does not convert with adenosine (6 or 12mg i.v.) rate
control may be achieved using a longer acting AV nodal blocking
agent (e.g. verapamil or diltiazem) or a beta-blocker (Class IIa) as
a second-line agent.

Verapamil

Verapamil should be given only to patients with narrow-complex
reentry SVT, or dysrhythmias known with certainty to be of supra-
ventricular origin. Verapamil should not be given to patients with
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Table 2.19 Antidysrhythmic drugs in pregnancy and lactation

vw FDA
Drug classification classification Indication Adverse effects & cautions Breastfeeding
Adenosine A% Cym Supraventricular Facial flushing, transient No human data
tachycardias dyspnea, chest Probably compatible
discomfort, hypotension,
bronchoconstriction in
asthma
Amiodarone 111 Dy Reentrant dysrhythmias Bradycardia, prolonged QT, Contraindicated
(K" channel Refractory VT /VE Torsade de Pointes,
blocker) AF/flutter paresthesia, IUGR,
thyroid disorders in
mother/neonate
Digoxin A% Cym PSVT, rate control in Caution in WPW Compatible
chronic AF/flutter
Lidocaine Ib Bum VT, symptomatic PVD, Drowsiness, agitation, Limited human data
(Na™ channel prevention of VF paresthesia, cardiac Probably compatible
blocker) depression, bradycardia,
asystole
Procainamide Ia Cym SVT, VT, symptomatic PVD, GI symptoms Limited human data
(block fast Prevention of VF, AF in Heart block Probably compatible
sodium WPW (with AV blocking Torsade de Pointes
channel) agent), wide complex Lupus-like syndrome
hemodynamically
stable tachycardias
Esmolol I Cym Atrial and ventricular Caution: congestive heart Limited human data
Propranolol (Beta- tachydysrhythmias failure, asthma Probably compatible
blockers) Rate control in chronic Bradycardia: mother/fetus
AF/flutter Hypoglycemia: mother/
fetus
Quinidine Ia Cym AF/flutter GI symptoms, Limited human data
Ventricular neonatal Probably compatible
tachydysrhythmias thrombocytopenia,
heart block, Torsade de
Pointes, Lupus-like
syndrome
Verapamil v Cm SVT If wide QRS, Limited human data
Calcium Slow ventricular rate in CONTRAINDICATED Probably compatible
channel AF/flutter until VT ruled out
blockers Heart block,

hypotension, asystole

VW = Vaughan Williams classification of cardiac drugs; FDA =Food and Drug Administration; ;= added if rated in manufacturer’s professional

literature; PSVT = paroxysmal supraventricular tachycardia; WPW = Wolff-Parkinson-White syndrome; AF = atrial fibrillation;

SVT = supraventricular tachycardia; VT = ventricular tachycardia; VF = ventricular fibrillation; PVD = premature ventricular depolarization

For additional reading about the impact of drugs on pregnancy and lactation the editors recommend:

Briggs, G. G., Freeman, R.K. & Yaffe, S.]J. Drugs in Pregnancy and Lactation, 6th edn., Baltimore: Williams and Wilkins, 2002.

Hale, T. W. Medications and Mothers’ Milk, 10th edn., Amarillo, Texas: Pharmasoft Publishing, 2004 (online orders — www.iBreastfeeding.com).

Diltiazem

impaired ventricular function or heart failure. Verapamil should be

given in a 2.5 to 5 mgi.v. bolus over two minutes. Repeated doses of
5-10 mg can be given 15 to 30 minutes apart to a total dose of 20 mg
or a 5mg bolus q 15 minutes to a total dose of 30 mg.
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The dose of diltiazem is 15-20mg (0.25 mg/kg) i.v. over two
minutes; then 20-25 mg (0.35 mg/kg) in 15 min as required. The

maintenance infusion dose is 5-15 mg/h, titrated to HR.
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Other uncommon cardiac conditions
during pregnancy

Arrhythmogenic right ventricular
cardiomyopathy (ARV()

Arrhythmogenic right ventricular cardiomyopathy is a disorder
that predominantly affects the right side of the heart and causes
ventricular dysrhythmias.'”"'% In many patients the disease is
familial and ARVC may account for up to 5% of unexpected sudden
deaths. One report described the use of an ICD in a woman with
ARVC at 21 weeks’ gestation. This life-preserving treatment
was associated with a normal remainder of the pregnancy and
an uneventful forceps delivery.'”’ Another case described the
successful use of an epidural anesthetic for labor and C/S in a
woman with ARVC and indwelling ICD."”

Postural orthostatic tachycardia
syndrome (POTS)

Postural orthostatic tachycardia syndrome encompasses a group
of disorders characterized by orthostatic intolerance. In one case
a parturient had worsening symptoms during pregnancy, which
were managed by increasing the dose of beta-blockers. A labor
epidural was used successfully and optimal postpartum analgesia
was ensured by using neuraxial opioids, NSAIDs, and bilateral
iliohypogastric and ilioinguinal nerve blocks. The aim was to
reduce the risk of triggering a tachycardic response to the stress
of labor and pain.'**

Cardiopulmonary resuscitation of the parturient

This topic is well covered in ACLS protocols as a separate sec-

tion.'” The standard algorithms are applicable to the pregnant

woman, including the use of defibrillation. However, because of
the physiological changes of pregnancy there are some important
principles to remember.

e The parturient will undergo oxygen desaturation more rapidly
so supplemental oxygen is required.

e Successful resuscitation of the mother usually results in a better
outcome for the fetus.

e There is a higher risk of pulmonary aspiration of gastric con-
tents, so the maternal airway should be protected early with
an endotracheal tube. As airway edema is common in the
pregnant woman a smaller endotracheal tube may be required.

e Chest compressions should be performed higher on the ster-
num as the gravid uterus will displace the diaphragm higher
in the chest.

e After 20 weeks’ gestation, the uterus becomes an abdominal
organ. As such it can compress the aorta and vena cava inhibiting
venous return to the heart. This will affect cardiac output limiting
the ability to resuscitate the pregnant female. Therefore left uter-
ine displacement should be provided by a wedge under the right
hip or by manually displacing the uterus to the woman’s left.

e If resuscitative efforts are not successful after four minutes the
fetus should be delivered by C/S in order to relieve aortocaval
compression. This may allow successful maternal resuscitation.

e In addition to the usual causes of cardiac arrest, the following
are more common in pregnancy than in the general popula-
tion: embolic events (thrombotic, amniotic fluid, or air), an
overdose of magnesium sulfate, acute coronary syndrome,
preeclampsia/eclampsia, and aortic dissection.

Summary

In women with heart disease, sustained dysrhythmias can result in
an increased risk to the mother and fetus. Women with preexisting
cardiac rhythm disorders are likely to have an exacerbation
of dysrhythmia during pregnancy, which increases the risk
of adverse fetal complications.”” Women with congenital heart
disease, especially those with subpulmonary ventricular systolic
dysfunction and/or severe pulmonary regurgitation, may develop
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sustained dysrhythmias during pregnancy (3% risk in one study).

The treatment of the pregnant patient with cardiac dysrhyth-
mias may require important modifications of standard dysrhyth-
mia management. The goal is to protect the mother and her fetus
through delivery, after which chronic or definitive therapy can be
administered.'’® New advances, such as ICD, allow immediate
treatment of dangerous heart rhythms, and fetal magnetocardio-
graphy is a valuable new tool for rhythm diagnosis and for mon-
itoring maternal and fetal thythms during therapy.'’”
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VASCULAR DISEASES
David R. Gambling

Introduction

Maternal vascular lesions that become apparent during preg-
nancy may be present before conception but only become symp-
tomatic as a result of the physiologic changes of pregnancy. Blood
vessels are weakened by an increase in blood volume and cardiac
output (CO); a decrease in systemic vascular resistance (SVR); and
hormonal changes. Hence, aneurysms can expand and rupture,
or arteriovenous (AV) malformations can grow and, if present in
the pulmonary circulation, can worsen a preexisting shunt. Some
of the rare conditions described in this chapter affect blood ves-
sels in discrete areas of the body whereas others affect all blood
vessels. Often the disorders described are part of an autoimmune
disease process that impacts other organ systems. Many of the
vascular disorders are associated with high maternal and neona-
tal mortality. For example, rupture of an enlarging aneurysm can
cause abrupt, catastrophic blood loss and poor peripartum out-
comes. Likewise, pulmonary hypertension worsens during preg-
nancy and is often associated with maternal and/or neonatal
death. This chapter discusses the clinical implications for the
obstetric anesthesiologist of most vascular lesions seen during
pregnancy. Intracranial aneurysms during pregnancy are dis-
cussed in Chapter 9.

Primary pulmonary hypertension

Primary pulmonary hypertension is a progressive disease that
produces a sustained rise of atleast 25 mmHg in mean pulmonary
artery pressure and an increase in pulmonary resistance, in the
absence of an identified pulmonary or cardiac lesion."” This
inevitably leads to right ventricular (RV) dilatation and RV hyper-
trophy progressing to RV failure and death."” The course of pri-
mary pulmonary hypertension usually is slow, but unrelenting,
with death occurring 4-6 years after the initial diagnosis.
However, its course may be as short as six months from first
symptoms to death. This condition is covered in other major
textbooks of obstetric anesthesia”” and the following represents
a brief outline of the importance of primary pulmonary hyperten-
sion to the obstetric anesthesiologist. Discussion of the manage-
ment of women with Eisenmenger syndrome (pulmonary
hypertension secondary to a chronic, uncorrected left-to-right
cardiac shunt) is found in Chapter 1.

Primary pulmonary hypertension affects women four to five
times more often than men. It may arise at any age, but is most
prevalent in the third and fourth decades® with a mean age of
27 years at diagnosis.” Among the prognostic indicators of survival,
the most powerful and easily obtainable is the systemic arterial

oxygen saturation (Sa0,). When SaO, is greater than 63%, three-
year survival is 55%. When SaO. is less than 63%, three-year survi-
valis only 17%.” Sudden death in primary pulmonary hypertension
may be caused by tachycardia and loss of effective atrial systole,
acute pulmonary embolism from deep venous thromboses, or
from RV ischemia or infarction.” A rapid increase in venous return
to the right heart, and subsequently to the lungs, may produce a
vagally-mediated bradycardia and fall in CO, which can be lethal.”
In most cases, postmortem microscopic examination of the
lungs reveals that both lungs are affected by diffuse pulmonary
vascular changes characterized by intimal proliferation, medial
hypertrophy, and perivascular lymphocytic cuffing, described as
plexogenic arteriopathy.” Others have reported that thrombotic
pulmonary arteriopathy is a more likely cause of pulmonary hyper-
tension.” Primary pulmonary hypertension caused by pulmonary
veno-occlusive disease with intimal proliferation and fibrosis of
intrapulmonary veins and venules occurs less frequently.”

Signs and symptoms

The signs and symptoms of primary pulmonary hypertension
relate to RV compromise and failure. Dyspnea is caused by
decreased CO and ventilation/perfusion mismatch. Syncope is
due to a fixed CO with the inability of the heart to respond to a
demand for increased output. Angina is common, and probably
results from RV ischemia and increased RV afterload. Other signs
and symptoms include fatigue, edema, and peripheral cyanosis.
Occasionally hoarseness may develop due to the pressure of an
enlarging pulmonary artery on the recurrent laryngeal nerve,
which is known as Ortner syndrome.’

During physical examination of the parturient with pulmonary
hypertension, a RV heave may be present and an ejection click
may be heard over the pulmonic area. The second heart sound
usually is split, with accentuation of the pulmonic component.
There may be an ejection murmur and a regurgitant murmur over
the pulmonary valve. Jugular venous distension and prominent A
waves usually are evident. Chest radiography (CXR) demonstrates
RV enlargement, hilar enlargement, and pruning of the peripheral
vasculature. Electrocardiogram shows RV hypertrophy, and right-
axis deviation (see Figure 3.1). Pulmonary function tests may
indicate restrictive disease due to decreased lung compliance
resulting from elevated pulmonary vascular pressure.’

Association with pregnancy

Among women of reproductive age, approximately 8% of primary
pulmonary hypertension is associated with pregnancy.’ It is
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Figure 3.1 EKG from a patient with severe pulmonary hypertension. Note the deep S waves in leads 1, 11, V5, and V6 plus a prominent R wave in V1 (all circled). Provided
by Dr Renaldo Beyer, Cardiologist, Sharp Rees-Stealy Medical Group, San Diego, California.

possible that pregnancy initiates primary pulmonary hyperten-
sion in some women, but more likely symptoms of preexisting
disease are unmasked by the increased hemodynamic stress of
pregnancy.” When symptoms arise during pregnancy, the diag-
nosis is made only after excluding other causes of pulmonary
hypertension. These include amniotic fluid embolism, tropho-
blastic embolism, thromboembolism, obliterative hypertension,
and Eisenmenger syndrome.’

Primary pulmonary hypertension and pregnancy is an omi-
nous combination. Maternal mortality ranges from 30-56%""""
with death often occurring during delivery, or from four days to
five weeks following delivery despite intensive postoperative
management.'' Death usually is sudden, precipitated by acute
RV failure. Absolute pulmonary artery pressure is a poor indicator
of the extent of the disease. However, a poor prognosis in
pregnancy is associated with the presence of RV hypertrophy,
low cardiac index (2-2.51/min/m?), increased right atrial
pressure (>10mmHg) and high pulmonary vascular resistance
(>1500 dynes.sec.cm °)." Other maternal risk factors include
late diagnosis and late hospital admission.'' Neonatal survival
was reported as 88% in one series."’

Treatment of primary pulmonary hypertension

A number of therapies have been tried to treat primary pulmon-
ary hypertension. These include calcium channel blockers and
anticoagulation, prostacyclin, and, ultimately, lung transplanta-
tion.'* More recently, the successful use of the endothelin antago-
nist, bosentan (Tracleer®), has been described in the treatment of

58

pulmonary arterial hypertension.'* However, bosentan is not
approved for use during pregnancy. Perioperative therapies
used during pregnancy have included nitroglycerin infusion,”
inhaled nitric oxide (which is very expensive),’” or inhaled or

intravenous (i.v.) epoprostenol (prostacyclin).'®'"'®

Anesthetic management of women with primary
pulmonary hypertension

The principal goals of anesthetic management of primary pul-
monary hypertension include avoiding increases in pulmonary
vascular resistance and pulmonary artery pressure, preventing
changes in RV preload, and maintaining left ventricular afterload
and RV contractility.'”*’ Potent titratable drugs should be readily
available in the event of hemodynamic instability. The need for
inotropes (dopamine or dobutamine), pressors (phenylephrine or
ephedrine), or afterload reducers (nitroprusside or phentola-
mine) during labor and delivery or cesarean section (C/S) should
be anticipated. In one report, a vasopressin infusion was used to
prevent systemic hypotension in a patient with primary pulmon-
ary hypertension having surgery under spinal anesthesia.”’

Prior to the onset of labor, the severity of pulmonary hyperten-
sion can be assessed by pulmonary artery catheterization, which
also allows an assessment of the response of the pulmonary vascu-
lature to vasoactive drugs.'”** Preoperative adenosine and mfedl—
pine have been shown to reduce pulmonary vascular pressure™
and may be useful adjuncts to oxygen therapy at the time of parturi-
tion. It is important to measure right- and left-sided pressures
continuously during labor and delivery. However, multiple
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pulmonary capillary wedge pressure (PCWP) measurements should
be discouraged because of the risk of pulmonary artery rupture.

During delivery an increase in pulmonary vascular resistance
can occur as a result of hypercarbia, acidosis, hypoxia, stress, and
pain.”” Epidural analgesia provides excellent pain control and
attenuates many of these adverse effects. Investigators have
reported successful management of labor and C/S using various
doses of epidural local anesthetics, with and without fenta-
nyl.! #222425.26.27.28 The addition of fentanyl to labor epidural
infusions is a theoretical concern because of the potential to
cause myocardial depression in patients with compromised
hearts.”” However, it is unlikely that 2pg/ml fentanyl at
10-15ml/h would produce serum levels that would be clinically
important in this regard. Care should be taken to titrate the level
of analgesia to avoid hypotension and a reduction in RV preload.
Excellent pain relief has also been obtained in patients with
pulmonary hypertension using intrathecal morphine.’””’
However, unless vaginal delivery is imminent, a neuraxial cathe-
ter technique is recommended. Forceps or vacuum extraction is
often used to help prevent the untoward hemodynamic effects
caused by maternal pushing.

Cesarean section can be performed after careful extension of an
epidural block to T4-5. The risk of severe hypotension is minimal
as long as provisions to support blood pressure (BP) have been
taken. Epidural anesthesia,””** combined spinal-epidural (CSE)
anesthesia,”” and general anesthesia all have been used success-
fully for C/S*>*° and tubal ligation® in patients with primary
pulmonary hypertension. Invasive monitoring was used during
these procedures. If epidural anesthesia is used, it is uncertain if
one local anesthetic is superior to another, although one report
described the successful use of 0.75% ropivacaine in this setting,
citing the potential advantage of lower cardiac toxicity.”
Decoene and colleagues described the successful use of inhaled
nitric oxide (iNO) in a woman with primary pulmonary hyperten-
sion having C/S under epidural anesthesia.”® They observed no
interaction between epidural anesthesia and the use of iNO.
Others have reported the use of inhaled pulmonary vasodilators
and epidural anesthesia for C/S in pregnant patients with primary
pulmonary hypertension.™

Proponents of general anesthesia usually cite the risks of
decreased afterload, decreased preload, and acute RV failure
that may be precipitated by sympathetic blockade induced by
epidural or spinal anesthesia.”” Supporters of regional anesthesia
report that careful titration of the level of the block and the
judicious use of vasoactive drugs allow for satisfactory manage-
ment of anesthesia in these women. In addition, pulmonary
hemodynamic changes associated with laryngoscopy,’’ which
increase the risk for precipitating right heart failure, are avoided
with regional anesthesia.

If general anesthesia is selected, nitrous oxide should be
avoided since it can increase pulmonary vascular resistance.
Isoflurane is the volatile anesthetic of choice for general anesthe-
sia because it has the least depressant effect on the myocardium.
It should be used with an air/ oxygen mixture.’® In labile patients,
and/or those with severe disease, we recommend invasive mon-
itoring and a high-dose narcotic “cardiac” anesthetic. One report

described the use of general anesthesia and extracorporeal mem-
brane oxygenation support for termination of pregnancy in a
woman with primary pulmonary hypertension.”’

Spinal anesthesia is contraindicated due to the risk of rapid-
onset deleterious hemodynamic changes. However, even when
general anesthesia is used in the presence of a pulmonary artery
catheter, and successful intraoperative control of pulmonary
artery pressure is achieved using iNO, nebulized iloprost, and a
prostacyclin infusion, a patient can still die in the first few weeks
following surgery."”

In summary, pregnancy should be discouraged in women with
primary pulmonary hypertension and therapeutic abortion
should be offered, especially with early clinical deterioration. A
multidisciplinary approach to the management of a parturient is
important, but mortality is high even with the most modern
treatment options.””

Pulmonary arteriovenous malformations

Introduction

Pulmonary arteriovenous malformations (PAVM) are rare, thin-
walled vascular lesions that may complicate pregnancy because
of rapid enlargement or rupture (see Figures 3.2 and 3.3). Most
PAVM are congenital but many patients are not diagnosed until
the second decade. They usually occur singly and grow slowly.
However, they can occur as discrete or multiple lesions, in one or
more lobes, and in one or both lungs,"""” and many small AVM
may be scattered throughout the lungs.””*® The mortality rate in
patients with untreated PAVM is 11%."**"

signs and symptoms of pulmonary arteriovenous
malformations

The usual symptoms of PAVM are dyspnea, cyanosis, and club-
bing, which are caused by hypoxemia due to right-to-left shunt.

()

Figure 3.2 (T scan without contrast of right single pulmonary AV malformation
(pulmonary artery and vein seen on the same cut). Provided by Dr Frank Miller,
Professor of Radiology, University of California San Diego (UCSD) Medical
Center, San Diego, California.
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Figure 3.3 Angiogram showing a large left pulmonary AV malformation.
Provided by Dr Frank Miller, Professor of Radiology, University of California
San Diego (UCSD) Medical Center, San Diego, California.

Hypoxemia induces bone marrow to increase its production of
hemoglobin and red blood cells, and may cause polycythemia. A
shunt of at least 25% is required to produce clubbing and poly-
cythemia. Although plasma volume remains normal, the red cell
mass and red cell volume increase."”"” Frequent minor hemor-
rhages may prevent polycythemia.

Bruits often are audible on the chest wall over an AVM. A
continuous hum is accentuated by systole and deep inspira-
tion.””*” The characteristic feature on CXR is a peripheral, cir-
cumscribed, lobulated, noncalcified structure connected to the
hilum by tortuous vessels. Fluoroscopy of the lesion shows pulsa-
tions with each heart beat, and increase and decrease in size with
Mueller and Valsalva maneuvers (inspiration and expiration
against a closed glottis), respectively.

According to Peery, cardiomegaly is “conspicuously absent”
in patients with right-to-left shunt.*” If cardiomegaly is present
on CXR, then suspect concomitant right heart disease or a left-
to-right shunt. Rib notching occurs when a left-to-right shunt via
an enlarged and tortuous intercostal AVM exists."? The definitive
diagnosis of PAVM is made by angiography.

Complications associated with the pulmonary lesions include
vascular shunts, mitral valve disease, congestive heart failure,
bacterial endocarditis, hemoptysis, and hemothorax due to rup-
ture. In addition, a cerebrovascular accident (CVA) may occur

following cerebral embolism, thrombosis, or abscess.”””"
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Table 3.1 Osler-Weber-Rendu disease (hereditary

hemorrhagic telangiectasia)

Inheritance: autosomal dominant

Incidence: affects 1 in 5000-8000

Features:

— abnormal small blood vessels

— AV fistulae in most organs, including lung and brain

— telangiectasia of skin and mucous membranes causing epistaxis
and GI bleeding

Pregnancy worsens OWR secondary to:

— systemic vascular dilatation

— increased cardiac output

increased blood volume

— weakened blood vessels from hormonal changes
May present in pregnancy with:

— hemothorax

— massive hemoptysis

arterial hypoxemia and paradoxical embolism for pulmonary shunts

— congestive cardiac failure from hepatic AV shunts and portal
hypertension

— AV fistulae in the epidural space and spinal cord

— anemia

AV = arteriovenous; GI = gastro-intestinal

Most shunts associated with PAVM are right-to-left, but left-
to-right shunts of the bronchial, internal mammary, and inter-
costal arteries have been described.”” Paradoxical emboli may
arise in the systemic circulation and pass through an enlarged
and engorged PAVM to affect the cerebral circulation. Likewise,
thrombi may originate on diseased valves or within a PAVM, due
to the sluggish flow characteristics of AVM, and shower the cere-
bral circulation. Hemoptysis and hemothorax occur when a
lesion ruptures into the airway or pleural cavity, respectively.
Paradoxical air emboli can occur when air enters the pulmonary
circulation following rupture of a PAVM. Such a rupture is rare,
but when it occurs is frequently massive and fatal. Rapid recogni-
tion, response, and repair or resection is necessary if the patient is
to survive.*

About 60% of patients with PAVM suffer from Osler-Weber-
Rendu disease (OWR), a disease with autosomal dominant trans-
mission, also called hereditary hemorrhagic telangiectasia (see
Table 3.1).°" About 15% of patients with OWR have PAVM,"***
and will frequently exhibit multiple cutaneous and mucous mem-
brane AVM, visible on the lips, labia, and oral mucosa. Epistaxis
arising from lesions of the nasal mucosa is highly characteristic.”’
Pregnant women who have a family history of OWR, or have
mucocutaneous signs of the disease should be evaluated for the
presence of occult pulmonary lesions. Patients with OWR tend to
have a high incidence of multiple PAVM, which generally grow
more rapidly and produce more complications than in patients
without OWR."®
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Pregnancy and PAVM

Pregnancy increases the risk of PAVM enlargement and rup-
ture.””*#°*5%5* The increase in size is a result of the increase in
blood volume and CO. Also, hormonal changes of pregnancy
directly affect the compliance of blood vessels with an increase
in progesterone causing relaxation of arteriolar smooth muscle
and further dilatation of the PAVM. Estrogens are associated with
the formation of spider telangiectasia and may contribute to an
increase in PAVM size during pregnancy.’® Throughout preg-
nancy there is a gradual increase in venous distensibility, which
is greatest (150% of normal) just before delivery, similar to the
20-30% increase in venous distensibility observed during the
menstrual cycle.””*" The structure of the AVM contributes to
its fragility. The vascular spaces are lined by a single layer of
endothelial cells on a continuous basement membrane.”®
Smooth muscle cells within the walls of the AVM are irregularly
shaped and do not form a continuous structure around the blood
vessels. Both endothelial cells and smooth muscle cells are vacuo-
lated, which suggests degeneration. There is no elastic tissue
within the walls. Thus, the walls of an AVM appear to be insuffi-
cient as a contractile element and are unable to respond to the
increased stress associated with the increased blood volume and
CO of pregnancy.’® The walls of an AVM, therefore, cannot con-
tract and control hemorrhage when they rupture.*®°® In addition,
there may be an increase in tissue plasminogen activator in the
endothelium of AVM, which impairs clot formation when bleed-
ing occurs.”

Figure 3.4 Angiogram of multiple AV malformations in a woman with Osler-
Weber-Rendu disease. She was 24 weeks’ gestation (preembolization), with

a history of transient ischemic attacks and 5a0, in 85-88% range. Provided by
Dr Frank Miller, Professor of Radiology, University of California San Diego (UCSD)
Medical Center, San Diego, California.

Management of the pregnant patient with PAVM

When PAVM become symptomatic during pregnancy, they can be
managed successfully using transcatheter spring coil or balloon
embolization.”®' These procedures are done under local
anesthesia and successful occlusion will usually resolve the
hypoxemia and high-output cardiac failure (see Figures 3.4, 3.5,
and 3.6). However, there has been a case report of recurrence of
PAVM in pregnancy despite previous transcatheter embolother-
apy.®” This was discovered by contrast echocardiography after the
woman developed signs of worsening intrapulmonary shunt.
When multiple lesions exist they may not be amenable to embo-
lization, so pulmonary lobule or lobe resection may be necessary
to eliminate them. This surgery is most safely performed during

Figure 3.5 Same pregnant women postembolization with Sa0, 93%. (Multiple
AVM prevent saturation from reaching 100%.) Provided by Dr Frank Miller,
Professor of Radiology, University of California San Diego (UCSD) Medical Center,
San Diego, California.

%’*‘, "T,]ﬁ
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Figure 3.6 Coil used for coil embolization procedure, which is usually done on
an outpatient basis (Nester coil™). Provided by Dr Frank Miller, Professor of
Radiology, University of California San Diego (UCSD) Medical Center, San Diego,
California.
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the second trimester to avoid the period of fetal organogenesis
and to reduce the risk of preterm labor. One case report described
an emergency thoracotomy at 27 weeks’ gestation for massive
hemothorax associated with a pulmonary arteriovenous fistula in
a patient with OWR."”

Women with known PAVM or history of hereditary telangiectasia
should be followed with serial CXR and arterial blood gases to
detect progression of the PAVM.®" Antenatal diagnosis and treat-
ment of women with OWR and PAVM may prevent potentially life-
threatening fetomaternal complications.”” However, one patient,
with exercise-induced hypoxemia during pregnancy related to pul-
monary AV microfistulas, had spontaneous resolution of her symp-
toms after pregnancy. This was thought to be due to reversal of the
hormone-induced vasodilatation associated with pregnancy.®®

Anesthetic management of women with PAVM

There are few case studies to guide us when it comes to recom-
mending certain anesthetic and analgesic techniques for labor
and delivery in women with PAVM. However, I believe that epi-
dural analgesia is acceptable. Placement is performed using loss
of resistance to saline to avoid the risk of introducing air into the
vascular system and the risk of paradoxical air emboli. Since there
may be coexisting epidural AVM, a computed tomography (CT)
scan or magnetic resonance imaging (MRI) of the lumbar spine in
the early third trimester may be prudent. After delivery and epi-
dural catheter removal, the woman should be followed for signs
of epidural hematoma, presenting as persistent paresthesia, pain,
or paralysis after expected resolution of analgesia.

The epidural sensory level should be carefully titrated to a T10
dermatomal level in order to avoid a significant reduction in SVR
and worsening of right-to-left shunt. If required, SVR support may
be provided with a phenylephrine drip while monitoring the fetal
heart rate. Arterial and pulmonary artery pressure monitoring is
necessary when heart failure is suspected, but PCWP measure-
ment may be hazardous due to the risk of PAVM rupture. An
arterial line also is necessary when infusing vasoactive drugs to
increase SVR.

Cesarean section may be performed for obstetric reasons using
regional or general anesthesia. The latter has the potential dis-
advantage of intubation-induced hypertension and the possibil-
ity that high pulmonary inflation pressures might adversely
impact the integrity of the AVM. One case report of the anesthetic
management of a child with OWR and bilateral PAVM described
the association between positive pressure ventilation and arterial
desaturation, which improved with resumption of spontaneous
respiration after extubation.’” That case was confounded by
coexisting congenital methemoglobinemia, another potential
cause of cyanosis in that patient.

Arteriovenous malformations of the oral, pharyngeal, or tra-
cheal mucosa may exist. Therefore, thoroughly examine the
upper airway when considering general anesthesia and endotra-
cheal intubation in these patients to avoid inadvertent trauma to
the mucosal lesions.

Since OWR is sometimes associated with liver AVM and liver
dysfunction, it is prudent to do an ultrasound of the liver in these
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patients and to check the coagulation status. Liver involvement
can lead to high-output cardiac failure in patients with OWR,
but cardiac function may return to normal after liver

transplantation.®”
Another association with PAVM is the risk of brain abscess and
cerebral AVM.®”"” One large series described neurologic compli-

cations in 37% of patients with PAVM and these included transi-
ent ischemic attacks, hemiplegia, brain abscess, and seizures. Any
patient with OWR presenting for an anesthetic must have neuro-
logic dysfunction ruled out by history, physical examination, and
special tests such as a brain scan. Patients with PAVM require
prophylactic antibiotics for all surgical and dental procedures to
avoid brain abscess or other distal infectious complications.

Dyspnea may improve when the patient reclines. In the supine
position, there is decreased venous return due to the pressure of
the gravid uterus on the vena cava, decreased distension of the
PAVM, and decreased shunt. Hemoglobin saturation improves.
Thus, it may be beneficial for the patient with a symptomatic
PAVM to labor without uterine displacement. We recommend
that if this is attempted, the well-being of the fetus be monitored.
Postpartum it is imperative that these patients be monitored
carefully for any deterioration as the effect of the gravid uterus
on venous return is abolished and autotransfusion of blood from
within the gravid uterus increases venous return and shunt. It
may be necessary to resect or embolize the PAVM if the shunt
increases significantly.

Finally, it is important to consult surgical colleagues and peri-
natologists early in the pregnancy of a patient with OWR. Delivery
should be planned in a hospital with resources available to place
chest drains if necessary, a well-stocked blood bank, and an
intensive care unit.

Peripheral pulmonary artery stenosis

Peripheral pulmonary artery stenosis (PPAS) is a rare congenital
condition of unknown etiology, which accounts for 2-4% of
congenital heart disease in women. It is characterized by multiple
coarctations of the distal pulmonary arteries.”’ Peripheral pul-
monary artery stenosis may occur together with pulmonary ste-
nosis, atrial septal defect, ventricular septal defect, or Tetralogy
of Fallot. This condition occurs alone in approximately 40% of
cases.”” There may be an association of PPAS in offspring of
women who contract rubella during pregnancy.””

Peripheral pulmonary artery stenosis is not usually consid-
ered a serious condition. Often it is diagnosed in early child-
hood when a loud, asymptomatic, continuous systolic murmur
is investigated. Only when involvement of the peripheral pul-
monary arteries is so extensive that it produces pulmonary
hypertension is there a risk to the patient. Such a development
is uncommon.”!

Four cases of PPAS and pregnancy have been reported.”” "> " In
none of the cases did PPAS present a management problem for
the anesthesiologist. During pregnancy, echocardiography or
cardiac catheterization should be performed to detect elevated
right heart pressures and assess the relative risk for heart failure
during or after pregnancy. If the woman has pulmonary
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Table 3.2 Pulmonary artery aneurysms and pregnancy

Associated conditions

e patent ductus arteriosus

e Marfan syndrome (cystic medial necrosis of the pulmonary artery)
e Takayasu arteritis

persistent pulmonary artery hypertension (primary or associated
with congenital cardiac defects that produce left-to-right shunting)
e infundibular stenosis

o infective endocarditis

Factors that may contribute to aneurysm formation and rupture

e atherosclerosis

e trauma

e syphilis

pregnancy

e an increase in intravascular volume

e the pain and expulsive efforts of labor

e involution of the uterus postpartum produces increased flow
through the pulmonary arteries and raises vessel wall stress

e increased deposition of mucopolysaccharides in the media of
major blood vessels occurs during pregnancy and may contribute
to weakening of the artery

hypertension, she should be managed as described for the patient
who has primary pulmonary hypertension (see earlier). If right
heart pressures are normal, or only mildly elevated, she requires
no special management.

Pulmonary artery aneurysm

Incidence and clinical presentations

Pulmonary artery aneurysms occur rarely and affect the main
pulmonary artery or a major branch of the pulmonary vascular
tree. Their incidence is approximately 1:10 000 to 1:20 000 of the
general population.”* Associated conditions and contributory
factors are outlined in Table 3.2.”%"°

Rupture of aneurysms of the pulmonary arteries may produce
massive and fatal hemoptysis. Death may also be caused by
cardiac tamponade if a pulmonary artery ruptures into the peri-
cardial sac.”"”® One report described a woman in the sixth month
of pregnancy with a massive hemothorax secondary to a ruptured
lingular artery aneurysm.’® Another report described a pregnant
woman with a pulmonary artery aneurysm that the authors
believed represented a case of primary pregnancy-related pul-
monary artery aneurysm, since they could find no other predis-
posing factors.”” The reasons that there is an increased risk of
aneurysm formation and rupture during pregnancy are outlined
in Table 3.2.”°

Signs and symptoms

A pulmonary artery aneurysm may cause shunting and cardiac
failure. The patients present with exertional dyspnea, cough,
hemoptysis, chest tightness, and possibly hemothorax.”" "%

Table 3.3 Heart sounds and murmurs that may be heard in

patients with pulmonary artery aneurysms

e Those consistent with patent ductus arteriosus (e.g. a to-and-fro
murmur heard best at the left second intercostal space, a
midsystolic hyperdynamic flow murmur of the mitral valve, and
paradoxical splitting of S2)

Intracardiac shunts (i.e. usually fixed, wide split S2, and murmur
of increased pulmonic flow)

o Pulmonary hypertension (i.e. tricuspid regurgitation characterized
by a holosystolic murmur, which increases with respiration, or
pulmonic and aortic regurgitation characterized by decrescendo
diastolic murmurs)

The heart sounds and murmurs that might be heard on clinical
examination are listed in Table 3.3.

Chest radiographs may show pulmonary artery enlargement,
cardiac hypertrophy, and decreased peripheral vascular markings
characteristic of pulmonary edema. The definitive diagnosis of a
pulmonary artery aneurysm and its dissection, however, is based
on angiography, CT, or MRI. The EKG will usually show right-axis
deviation due to RV hypertrophy.

Anesthetic management during pregnancy

Pulmonary artery aneurysm and dissection almost invariably
are associated with pulmonary hypertension,”® so the anesthetic
management is similar to that for primary pulmonary hyper-
tension. The presence of a pulmonary artery aneurysm is life-
threatening but, as it occurs rarely, there is no consensus about
management. The options are predelivery repair, selective coil
embolization,”® or expectant management of pregnancy, labor,
and delivery without repair.

During labor, the goal should be to minimize hemodynamic
stresses such as systemic hypertension or profound swings in
preload and afterload. This is best achieved with a labor epidural
using an infusion of dilute bupivacaine and/or intrathecal
opioids. Epidural analgesia is induced gradually to a level of T10
to abolish the pain of labor and delivery, and prevent a catecho-
lamine-induced rise in CO and pulmonary artery pressure.
Forceps or vacuum delivery helps to shorten the second stage of
labor and avoids the need for expulsive effort by the parturient.
As in patients with primary pulmonary hypertension, peripheral
arterial, central venous, and pulmonary artery catheters can pro-
vide useful information and are mandatory if rapidly titratable
vasoactive medications are given to optimize cardiovascular
function.

The principles for managing C/S in these patients are the
same as for patients with pulmonary hypertension and Marfan
syndrome (see later). Carefully titrated epidural anesthesia is
preferable to subarachnoid block (spinal anesthesia) because
the degree and acuity of hemodynamic changes are less
extreme. Spinal anesthesia for C/S, however, is not absolutely
contraindicated.
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Takayasu arteritis (occlusive thromboarteropathy)

Introduction

Takayasu arteritis (TA), or occlusive thromboarteropathy, is an
idiopathic condition characterized by obliterative panarteritis.
Symptoms are related to the organ systems involved by stenosis
and obliteration of large and intermediate arteries.”” This chronic
inflammatory disease can affect any artery, but significant signs and
symptoms arise from involvement of the aorta, its major branches,
and the pulmonary arteries.”” Upper extremity involvement has led
to the name pulseless disease. Inflammation and subsequent fibrosis
affect the arterial media, intima, and adventitia, with intimal invol-
vement being the direct cause of arterial stenosis and oblitera-
tion.?”®" The characteristic pathologic change observed in affected
vessels is fibrosis. Signs and symptoms of TA reflect the vascular
beds and organs to which blood flow has been diminished.
Takayasu disease affects women almost six times as often as
men’”* and it affects Asian and Hispanic women predominantly.**
Although the onset of the disease occurs between the ages of 11 and
48 years,” it arises predominantly during the second and third
decades of life; therefore, pregnancy can be a coexisting condition.

Classification and prognosis

Several classifications of TA have been proposed with some based
on the site of the anatomic lesions and others based on the
natural history and prognosis of the disease.””**° Takayasu
arteritis can be a severe and life-threatening disease, especially
with more extensive vessel involvement, such as the descending
aorta, carotid, and vertebral arteries. Takayasu arteritis is also
classified as severe if there is retinopathy, hypertension resistant
to treatment, aortic regurgitation, and presence of aneurysms,
especially in the pulmonary circulation.”” Hypertension is severe
if the systolic brachial artery pressure is >200mmHg and/or
the diastolic pressure is > 110 mmHg; or the popliteal systolic
pressure is >230mmHg and/or the diastolic pressure
is >110mmHg.”® Hypertension is most often associated with
renal artery stenosis.”” Takayasu arteritis is a chronic disease
with survival of up to 14 years after onset, and periods of remis-
sion are common.”” Early treatment with steroids, cytotoxic
agents, and anticoagulants can slow progression of the disease
and its consequences. Despite ongoing treatment, the five-year
mortality rate for high-risk patients can be as high as 30%. In one
series, treatment failed to induce a remission in 25% patients with
TA, and half of those who achieved remission later relapsed.*”
Patients with less severe forms of TA do significantly better, with
only one death in another series of 31 patients with mild TA.*
Morbidity is caused by severe uncontrolled hypertension with
end-organ dysfunction (e.g. renal insufficiency) and stenosis of
major blood vessels affecting regional circulation. Death can
result from congestive heart failure or CVA.

Takayasu arteritis and pregnancy

Pregnancy in patients with early TA is not associated with an
increased risk for obstetric complications.”’ One case report
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described a woman with TA who survived three pregnancies dur-
ing a four-year follow-up period with no serious complication.”’
If TA is symptomatic, 50% of pregnant patients will require
management of hypertension. Takayasu arteritis is not asso-
ciated with an increased rate of premature labor, but intrauterine
growth restriction is seen often in the fetus. Neonatal outcome
is worse with abdominal aortic involvement, with severe hyper-
tension during pregnancy (especially in the presence of pre-
eclampsia), and with delayed management of TA.”” Induction
of labor and C/S are performed for the usual obstetric
indications.”

Some patients with TA have resolution or improvement of their
symptoms during pregnancy,’” whereas others demonstrate
either no change or worsening symptoms.”* One woman pre-
sented with massive hemoptysis during pregnancy.”

The risk of cerebral ischemia is increased during pregnancy
especially during the first trimester and early postpartum period.
A small reduction in mean arterial BP in patients with severe
occlusive disease has the potential for syncope or severe cerebral
ischemia.”” Cerebrovascular accidents are likely when patients
have severe narrowing of the branches of the aortic arch, elevated
systolic BP during the first stage of labor, and complications of TA
such as carotid disease or retinopathy.

Avoiding pregnancy or elective termination of pregnancy is
recommended for patients with severe disease.”” The recommen-
dation for women who decline termination of pregnancy is hos-
pitalization and symptomatic management. Elective C/S may be
used for women with severe disease as they approach term,
especially those with retinopathy and severely elevated BP in
early labor. In those with mild TA, operative delivery is based
solely on obstetric factors.

Anesthetic management of women with TA

The anesthetic management of women with TA must take into
account the susceptibility of the patient to severe hypertension
with its concomitant risk of CVA and cardiac failure. Hypotension
is poorly tolerated and may result in cerebral ischemia. Other
considerations include the risk of pulmonary hypertension, and
difficulty of hemodynamic monitoring due to the nature of the
disease.

The need for invasive hemodynamic monitoring must be
assessed for each patient. Early consultation is desirable to define
the arterial involvement, review aortography, assess the cardio-
vascular status, and control BP.”®?” Patients with mild disease
have little hemodynamic compromise. Electrocardiogram, pulse
oximetry, and noninvasive BP monitoring is adequate for these
women. When TA affects peripheral arteries, however, noninva-
sive BP measurements may be inaccurate or unobtainable. In
such cases a peripheral arterial catheter should be inserted,”
but occasionally a central arterial catheter introduced via the
femoral artery may be required.”” The use of such catheters
carries a risk of arterial occlusion at the site of insertion.”® """

When TA is associated with heart failure, it is necessary to
monitor central venous, right heart, and pulmonary capillary
wedge pressures. Calculation of CO, systemic, and pulmonary
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vascular resistance helps to prevent heart failure and maintain
adequate cerebral and renal perfusion.'’” For labor and delivery,
epidural analgesia has the advantage of providing effective pain
relief while preventing acute catecholamine release associated
with labor pain. The anesthesiologist should carefully titrate the
dose of local anesthetic in order to produce a level satisfactory for
delivery without causing severe hypotension, which could lead to
cerebral ischemia.'”” Supplemental oxygen, and laboring in the
lateral position, help ensure adequate oxygen delivery to the fetus.

Any contemporary epidural technique would be suitable as
long as dilute solutions of local anesthetic are used (e.g.
<0.125% bupivacaine) in conjunction with supplemental epi-
dural opioids (e.g. fentanyl). Vasoactive drugs should be readily
available to treat potential fluctuations in BP.

For C/S, epidural anesthesia must be induced slowly and incre-
mentally using whatever combination of local anesthetic and
opioid you would normally use. It is questionable whether epi-
dural epinephrine should be used in parturients with TA. One
advantage of regional anesthesia for C/S is that the patient
remains awake. This gives the anesthesiologist a clinical assess-
ment of cerebral perfusion, which central or peripheral arterial
pressures may not accurately reflect. Epidural and CSE anes-
thetics have been described for C/S in women with TA.'"*'%
Spinal anesthesia has been successfully used for termination of
pregnancy in a woman with TA, but the usual risks related to
potential hypotension must be considered before using spinal
anesthesia.”

General anesthesia can be given for C/S, although evaluation of
cerebral perfusion becomes more difficult or impossible, even
with an electroencephalogram (EEG). Patients with severe carotid
disease, however, should have EEG monitoring to help prevent
cerebral ischemia during general anesthesia. One case report
described the use of general anesthesia with processed EEG mon-
itoring in a woman with TA and bilateral carotid artery steno-
sis.'’° She refused regional anesthesia for C/S and the general
anesthetic was uneventful.

Pretreatment with beta-adrenergic blockers (e.g. labetalol in
5mg to 10 mg increments titrated to the desired response), nit-
roglycerin (50 ug to 100 ug) or lidocaine (1-1.5mg/kg) i.v. can
attenuate the rise in systolic BP that accompanies endotracheal
intubation. Rapid sequence induction with thiopental and succi-
nylcholine is performed and the airway secured. During endotra-
cheal intubation, extreme extension of the patient’s neck must be
avoided because stenosis of the carotid arteries predisposes to
occlusion and hence the risk of cerebral ischemia. Nitrous oxide
must be avoided if pulmonary vasoconstriction and hypertension
are present. Nitrous oxide has been used without adverse reaction
in a parturient with TA, but pulmonary hypertension was ruled
out before its administration.'”” Oxytocin has been given to pro-
vide uterine contraction safely following delivery, but prostaglan-
din F,, and ergot alkaloids should be used cautiously as they can
cause systemic and pulmonary hypertension. For a review of the
anesthetic management issues in women with TA, the reader is
referred to a case series by Kathirvel et al.'’®

Spinal anesthesia in TA is controversial because of an increased
risk of hypotension. There is one published article that described

the use of spinal anesthesia for C/S in a patient with TA.'%
Preoperative volume expansion with 15-20 ml/kg of a glucose-
free crystalloid solution, and judicious use of ephedrine or other
pressors are especially important in maintaining BP and vital
organ perfusion during spinal anesthesia.”® Left uterine displace-
ment is even more critical in these patients when regional
anesthesia is administered.

Patients with TA frequently receive anticoagulants and corti-
costeroid therapy. Coagulation abnormalities must be corrected
before instituting regional anesthesia in order to avoid an epi-
dural hematoma. Adrenal suppression may be assumed and sup-
plemental perioperative steroids considered.

In summary, Takayasu arteritis presents in women of child-
bearing age with a variety of signs and symptoms depending on
the stage of the disease, its progression, and response to treat-
ment. The impact of pregnancy on the disease is unclear, but
worsening ischemic symptoms, cardiac failure, cerebral hemor-
rhage, and uncontrolled hypertension can occur. Noninvasive
technologies, such as MRI, assist in the diagnosis of TA during
pregnancy, avoiding angiography until the postpartum period.'*
In addition, interventional radiologists can help improve out-
comes by performing percutaneous transluminal angioplasty
and wall stents, when indicated.' '’

Marfan syndrome

Incidence and clinical findings

Marfan syndrome (MFS) is a hereditary disorder of connective
tissue affecting collagen and elastin. It is a disorder caused by
mutations in the gene that encodes fibrillin-1 (FBN-1) located on
chromosome 15. More than 500 mutations have been identified
and almost all are unique to an affected individual or family.""
Marfan syndrome is transmitted in an autosomal dominant man-
ner without gender or racial preference. Marfan syndrome occurs
in 4-6 of 100000 births and, although there is often a family
history, 15% of cases are thought to arise as new mutations.''
Genotype-phenotype correlations in MFS have been complicated
by the large number of unique mutations reported, as well as by
clinical heterogeneity among individuals with the same muta-
tion. Further studies are needed to investigate the role of modu-
lating genes and genotype-phenotype correlations. Long-term
follow-up studies may reveal the prognostic significance of aortic
elasticity and may identify patients at risk of aortic complications.
When one parent has Marfan syndrome, the fetus has a 50% risk
of inheriting the mutant gene.'"”

There are a number of clinical manifestations of MFS (see
Table 3.4), but the most important is aortic root dilatation,
which can lead to dissection and rupture. The defect in the vessel
wall is caused by cystic medial necrosis. The ascending aorta is
the most frequent site of dissection because it sustains the great-
est stress during systole. Aortic elasticity determined by measure-
ment of local distensibility and flow-wave velocity with MRI is
decreased in nonoperated patients with Marfan syndrome. Aortic
distensibility of the thoracic descending aorta appears to be the
strongest predictor for descending aortic complications. Over the

65



1 Cardiovascular and respiratory disorders

Table 3.4 clinical features of Marfan syndrome

Eyes ectopia lentis
myopia
Skeletal arachnodactyly

pectus deformity
kyphoscoliosis

high narrow palate
increased bone length

cervical spine abnormalities

Pulmonary Propensity to develop:

e pneumothorax (4.4%)“

e bullous emphysema

e restrictive lung disease
Cardiovascular Cystic medial necrosis of aorta:

e aortic dilatation

e aortic dissection and rupture

e mitral valve prolapse

e premature coronary artery disease

“Ref. Hall, J. R., Pyeritz, R.E., Dudgeon, D. L. & Haller, J. A., Jr.
Pneumothorax in the Marfan syndrome: prevalence and therapy.
Ann. Thorac. Surg. 1984; 37: 500-504.

past 30 years, improvement of diagnostic modalities and aggres-
sive medical and surgical therapy have resulted in considerable
improvement of life expectancy of patients with MFS.'"" Selected
manifestations of MFS reflect excessive signaling by the trans-
forming growth factor-beta (TGF-beta) family of cytokines. Aortic
aneurysm in a mouse model of MFS is associated with increased
TGF-beta signaling and can be prevented by TGF-beta antago-
nists such as TGF-beta-neutralizing antibody or the angiotensin
II type 1 receptor (AT1) blocker, losartan. AT1 antagonism also
partially reversed noncardiovascular manifestations of MFS,
including impaired alveolar septation. These data suggest that
losartan, a drug already in clinical use for hypertension, merits
investigation as a therapeutic strategy for patients with MFS and
has the potential to prevent the major life-threatening manifesta-
tion of this disorder." "

Mitral valve prolapse (most frequently of the posterior leaflet),
and myxomatous degeneration of the mitral valve occur fre-
quently in MFS. Mitral valve pathology is detectable by echocar-
diography in at least 68% of these patients.''” Mitral valve
prolapse is suggested by the presence of a systolic click, best
heard just medial to the cardiac apex.

Relatively unknown cardiovascular manifestations of Marfan
syndrome include dilatation of the main pulmonary artery and
early onset coronary artery disease. In a series of 50 patients
with Marfan syndrome, MRI showed 74% had an enlarged
pulmonary artery root above the upper limit of normal.''
Early onset of coronary artery disease may occur in patients
with MFS, producing a high rate of dysrhythmias and conduc-
tion disturbances.''’

For patients with MFS, aortic dilatation begins early in child-
hood. Progressive dilatation occurs slowly but at varying rates
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among individuals. Life-threatening complications of aortic dis-
ease are more common after the aortic root dilates to > 60 mm.
The normal aortic root diameter is about 22 mm. One study
indicates that patients who have an aortic root diameter
>30mm should be considered for prophylactic aortic surgery.'"”
The aortic root lies in the cardiac shadow on CXR, and thus
aortic dilatation can be missed unless echocardiography, CT, or
MRI is performed.''" Patients should have an echocardiogram
performed annually to look for changes in the aortic root
diameter.

Advances in surgical and medical therapy over the past two to
three decades have decreased the mortality of affected indivi-
duals. However, significant mortality still occurs, peaking in the
third and fourth decades of life. Although surgery usually provides
successful treatment of aortic dissection, it is uncertain whether
surgical repair confers a mortality advantage.''® Some authors
suggest that patients with MFS and thoracic aortic disease should
have elective valve-sparing surgery rather than composite graft,
primarily to avoid the complications of anticoagulation.''®
Emergency surgery and a history of aortic complications in first-
degree relatives are associated with a higher mortality. Chronic
beta-blocker therapy may slow the rate of aortic dilatation and
may be associated with a more favorable prognosis.

Pregnancy and Marfan syndrome

Effect of Marfan syndrome on pregnancy outcomes

In a retrospective study of 63 of the 122 enrolled women with
MEFS,''? 142 pregnancies were reported, including 111 that
reached >20 weeks’ gestation, 28 (20%) that miscarried, and
three elective abortions. An obstetric and/or neonatal complica-
tion occurred in 40% of all completed pregnancies. The most
important complication was an increased number of premature
deliveries (n =17, 15%) mostly due to preterm premature rupture
of membranes and cervical incompetence. This contributed to a
markedly increased combined fetal and neonatal mortality of 7%.
These findings were the same whether the diagnosis of MFS was
made prior to conception or after the woman was pregnant.' "’

Effect of pregnancy on Marfan syndrome

During pregnancy, a 30-40% increase in CO by the second trime-
ster results from an equal increase in heart rate and stroke
volume.'””'*! During labor this increase is more profound (100%
greater than prepregnancy levels), and immediately following
delivery the stroke volume may increase a further 40-50% above
prepregnancy levels.'”” The high serum estrogen concentration
of pregnancy causes connective tissue changes at the subcellular
level, which produce collagen “softening”. The increased stress
placed on the aortic root by increased CO, preexisting cystic
medial necrosis, and estrogen effects all contribute to an increased
risk for aortic dissection during pregnancy. Half of all aortic dis-
sections in women of childbearing age occur during pregnancy.'**

Women with known MFS who are pregnant or wish to become
pregnant should first be counseled that half of their children will
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be affected by the disease. If pregnancy is desired, the parturient
should have a thorough cardiovascular assessment including an
echocardiogram. At least one study has indicated that women
with MFS whose aortic roots are <40mm in diameter seldom
have serious cardiovascular complications during pregnancy,
and so tolerate pregnancy well.'” Another report has indicated
that pregnancy may be safe with aortic root diameters < 45 mm.'**
Those patients whose aortic root diameters >40mm should be
counseled against becoming pregnant, irrespective of their New
York Heart Association (NYHA) functional class.'** All pregnant
women with MFS are considered high risk, and require on-going
evaluation, including echocardiograms every six weeks during
their pregnancies.'”

Aortic dissection

Along with hypertension (most common), connective tissue dis-
orders, and Turner syndrome, MFS is a predisposing condition
for the development of aortic dissection (see Figures 3.7A and
3.7B). Acute aortic dissection has a fatality rate of 36-72% within
48 hours. Without intervention, 62-91% of patients will die within
one week.'”® An aortic dissection is a tear in the intima secondary
to blood dissecting along the intima (see Figure 3.2). Dissection
causes an intimal flap, which can cause obstruction of the aorta or
its branches or serve as a nidus of thrombus generation. Spiral CT,
MRI, and transesophageal echocardiography (TEE) are all equally
accurate in the diagnosis of aortic dissection.'”” The maximal risk
of aortic dissection is in the third trimester of pregnancy. More
than 50% of 40-year-old women in whom an arterial aneurysm
ruptures sustain the rupture during pregnancy.'*” Stanford Type
A dissection involves the aorta proximal to the origin of the left
subclavian artery, regardless of distal extent. Stanford Type B is a

dissection confined to the descending aorta. Most patients with
Type A dissection are treated surgically whereas those with Type
B dissections are usually managed medically. Women with MFS

and acute Type A aortic dissection are often managed by cesarean
delivery and concomitant aortic repair.'*’

In summary, women with MFS are at significant risk of aortic
dissection during pregnancy even if there is no cardiovascular
abnormality prepregnancy. Aortic root dilatation may be a pre-
dictor of risk, but dissection can occur without significant dilata-
tion."”" In addition, serial echocardiograms may fail to predict
aortic dissection during pregnancy in women with MFS."*

Anesthetic management of women with
Marfan syndrome

If the parturient with MFS does not have signs or symptoms of
cardiac failure, and the aortic root diameter is < 40 mm, she does
not require special care for labor and delivery.'** However, anti-
biotic prophylaxis against bacterial endocarditis should be pro-
vided because of the occult collagen changes present in this
disorder. Vaginal delivery is permissible for the asymptomatic
patient. Anesthetic management focuses on minimizing aortic
root shear forces and wall stress through invasive monitoring,
pharmacologic intervention, and pain treatment.'”’ Epidural
analgesia for labor should be initiated early in order to prevent
pain-induced catecholamine release, elevated BP, and increased
CO. Aninfusion ofi.v. crystalloid solution can be titrated in 250 ml
aliquots slowly up to 750ml, as required. Slow titration of the
epidural level to a T10 sensory level will help to prevent a sudden
fall in SVR and BP. Avoiding epinephrine-containing solutions
risks poorer quality anesthesia and is of uncertain value in these
patients. Significant hypotension should be treated with phenyl-
ephrine to avoid the beta-agonist effect of ephedrine. One
case report described labor epidural analgesia in a woman
with MFS."*’ The authors used direct arterial BP monitoring and
a double-catheter epidural technique with continuous epidural
infusion of a 0.125% bupivacaine and 0.0002% fentanyl solution.
The baby was delivered vaginally after almost eight hours using

Figure 3.7 (A&B) Aortic dissection in a patient with Marfan syndrome. From: loscovich, A. Images in anesthesia: transesophageal echocardiography during Cesarean
section in a Marfan syndrome patient with aortic dissection. Can. J. Anesth. 2005; 52: 737-8. (Used with permission of the author and the journal editor.) Figure 3.7A
shows the aortic dissection at the level of one section of the descending aorta. Figure 3.7B shows the aortic dissection at the level of the aortic arch. They were

both taken at the same time three days prior to the cesarean delivery.
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an elective forceps delivery. There were no cardiovascular
complications and the patient was discharged from hospital after
six days.'”

In low-risk women with MFS, C/S is indicated only for obstet-
ric reasons. Either regional or general anesthesia can be used for
C/S, although regional anesthesia is preferred. The same caveats
should be applied to epidural anesthesia for C/S as for labor and
vaginal delivery. For general anesthesia, the combined use of
beta-blockade and vasodilator therapy will prevent a sudden
rise in BP and CO during endotracheal intubation. Volatile agents
for these parturients are useful because they decrease cardiac
contractility.''® Positive pressure ventilation must be used care-
fully to avoid inducing pneumothorax (see Table 3.4).

In women with MFS who are high risk on the basis of cardiac
symptoms, an aortic root size >40mm, significant aortic valve
disease, or the presence of aortic dissection, it is even more impor-
tant to use invasive monitors and vasoactive infusions to minimize
abrupt swings in BP. Perioperative use of beta-blockers is import-
ant and the use of atenolol, metoprolol, and labetalol has been
described.”** A new selective beta,-adrenergic blocker, landiolol,
has been used to prevent further dilatation of the aortic root in a
woman with MFS undergoing cesarean delivery under spinal
anesthesia.'”” Landiolol can be continuously infused at a rate of
0.04 mg/kg/min in order to maintain heart rate at 80-90 bpm (beats
per minute). Calcium channel blockers also are useful for control-
ling BP in these patients.'*® The use of beta-agonists, vagolytics,
and ergot derivatives should be avoided because they may cause a
rapid rise in CO and increase the risk of dissection. Atropine should
be used carefully to treat bradycardia-induced hypotension.
Vasodilators, such as nitroglycerin and nitroprusside, when used
as a sole agent, cause an increase in left ventricular ejection velocity
by reducing SVR and afterload, which in turn leads to stress on
the aortic root. If hypertension occurs, therefore, it is best managed
by the concurrent use of labetalol and nitrate infusions.' '

Some reports describe the anesthetic management of
C/S in women with MFS complicated by aortic dissec-
tion.
section usually follows immediately after delivery of the neonate.
General anesthesia is used in such cases, with central venous
lines, arterial cannulae, and TEE in place to provide adequate
monitoring of cardiovascular function. Other reports describe the
use of epidural, spinal, and general anesthetics in women with MFS
undergoing C/S alone. These women either have aortic root dilata-
tion, or have had prior aortic valve replacement, repair of a prior
dissection, or an existing Type B dissection,'?"'>/196.137,138,139,140
The principles for successful anesthetic management involve
control of BP, avoidance of shear stress across the aortic root, and
vigilance for at least 72 hours postpartum.

Other anesthetic considerations in women with MFS include
potential airway management problems secondary to high arched
palate and the potential for cervical spine instability. Despite the
high incidence of bony and ligamentous abnormalities in patients
with MFS, a routine cervical radiograph prior to general anesthe-
sia is not recommended.'"” Another concern is the potential for
dural ectasia in patients with MFS. Dural ectasia is the expansion
of the dural sac surrounding the spinal cord causing low back
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pain, headache, proximal leg pain, weakness and numbness
above and below the knee, and genital/rectal pain. These symp-
toms are moderate to severe, typically occur daily or several times
aweek, and are commonly exacerbated by the upright posture but
not always relieved by recumbency.'”' Two cases of failed subar-
achnoid block for cesarean delivery have been described in
women with MFS who had dural ectasia confirmed by CT."**

Moyamoya disease

Moyamoya disease (MMD) is a condition of unknown etiology
characterized by progressive narrowing and occlusion of basal
cranial vessels with secondary neoangiogenesis.'*” It commonly
affects the terminal portions of the intracranial carotid arteries.
Moyamoya disease is uncommon outside of East Asia; however,
in Japan the incidence of MMD is 5 per 100 000 population with a
female to male ratio of 1.8:1.

Clinical characteristics, diagnosis, and management

Moyamoya disease (see Table 3.5) usually presents in the first dec-
ade of life with transient ischemic attacks and then peaks again in

Table 3.5 Moyamoya disease

Etiology unknown

Most common in Japanese

Female:male ratio = 1.8:1

Two onset peaks

o first decade (juvenile) — often presents with TIA

o third and fourth decade (adult) — often presents with cerebral
hemorrhage

Pathology

e occlusion and narrowing of internal carotid arteries and distal
branches

e cerebral artery aneurysms

e secondary enlargement of perforator arteries around basal ganglia
(puff of smoke appearance on angiography)

Clinical risks

e cerebral infarction

e cerebral hemorrhage

e seizures

Treatment

e anticoagulants

e platelet inhibitors

e cerebral vasodilators

e anticonvulsants

e surgical revascularization techniques

Goals of anesthetic management

e pain-free vaginal or cesarean delivery

e maintain normocarbia

e avoid hypotension and severe hypertension

e epidural anesthesia has been successfully used

e best to avoid spinal anesthesia in order to avoid large fluctuations
in BP

TIA = transient ischemic attack
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the third and fourth decades presenting with symptoms of cerebral
hemorrhage. It may be associated with intracranial aneurysms in
about 15% of cases.'** Symptoms may be precipitated by hypocar-
bia due to hyperventilation, or by hyperthermia causing an increase
in the cerebral metabolic rate for oxygen (CMRO,). As with other
vascular anomalies, the increase in CO that occurs during preg-
nancy and parturition may precipitate intracranial hemorrhage.

Confirmatory diagnosis is based on the angiographic findings,
which characteristically show narrowing of the carotid arteries
and/or their distal branches, particularly at the origin of the
anterior and middle cerebral arteries. Compensatory enlarge-
ment of the perforator arteries around the basal ganglia accom-
panies the changes in the carotid vessels. In Japanese,
“moyamoya” means “something hazy” (like a puff of smoke),
and this is the characteristic appearance of the vasculature
around the basal ganglia seen on angiography. Periventricular
pseudoaneurysms and saccular aneurysms of the circle of Willis
can also be seen angiographically in some patients.

Typically these patients receive anticoagulants, aspirin for pla-
telet inactivation, and verapamil for cerebral vasodilatation to
help prevent cerebral ischemia. Patients with seizure disorders
are maintained on anticonvulsant therapy.' "

Revascularization surgery is an established treatment of
ischemic attacks and includes superficial temporal artery to mid-
dle cerebral artery (extracranial/intracranial) bypass and ence-
phaloduroarteriosynangiosis. However, it is uncertain whether
these procedures reduce further hemorrhagic events.'*

Anesthetic management in women with
Moyamoya disease

The goal of anesthetic management is to provide a pain-free
vaginal delivery or C/S while maintaining cerebral blood flow
(see Table 3.5). Hypotension and hyperventilation are avoided as
both can decrease cerebral perfusion. Hypertension associated
with endotracheal intubation should be anticipated and managed
with i.v. lidocaine and antihypertensive drugs, such as labetalol.
This will minimize the risk of cerebral hemorrhage, particularly in
those who have intracranial aneurysms. Ideally, operative vaginal
or abdominal delivery should be performed in order to prevent the
hemodynamic consequences of maternal effort.

Regional anesthesia is preferred for labor and C/S as it allows
easier neurological assessment of the patient. Epidural and CSE
anesthesia have been described in women with MMD.'">'*°
Spinal anesthesia is best avoided in order to avoid large fluctuations
in BP.'*” One case report described the use of transcranial Doppler
to measure cerebral blood flow during C/S under slowly induced
epidural anesthesia.'’” However, the value of transcranial Doppler
in this setting is uncertain. An arterial catheter is recommended for
continuous BP monitoring during labor and delivery.'**

Kawasaki disease (mucocutaneous lymph
node syndrome)

Kawasaki disease (KD) is an acute febrile illness of children under
the age of four years. Most investigators agree that an infectious

trigger leads to massive activation of the immune system, result-
ing in a prolonged self-directed immune response at the coronary
arteries.'”” The most important clinical features of this disease
are coronary arteritis with aneurysms and thrombotic occlusions.
These may lead to ischemic heart disease and sudden death.
There are reports of adult survivors of KD some of whom become
pregnant. A large survey in Japan identified 46 deliveries in
30 patients with KD."”” One report described a woman with KD
who had a successful pregnancy and normal vaginal delivery nine
years after a coronary artery bypass graft for a giant coronary artery
aneurysm.'”' The large Japanese survey reported mostly vaginal
deliveries and the use of epidural analgesia for assisted vaginal
births."”” Mode of delivery was determined primarily on obstetric
considerations. Importantly, many women with KD will present
in labor on anticoagulants'*” and aspirin therapy. This will need to
be taken into consideration when planning neuraxial techniques.

The principles for anesthetic management of women with KD
will depend on physical status, the nature and location of the
coronary lesion, previous surgery, and current medications.'** ">
(See Chapter 1 for details of the management of coronary artery
disease in pregnancy.) These patients are at risk for developing
myocardial infarction, ventricular failure, and ventricular dys-
rhythmias, so a defibrillator should be readily available. The
practical management of a parturient with heart disease has
been reviewed recently by Dob and Yentis.'*® Low-dose epidural
infusions for labor analgesia will be suitable for most women with
a history of KD assuming that they are not anticoagulated. This
will reduce the stress on the mother and her heart.

Klippel-Trenaunay-Weber syndrome

Klippel-Trenaunay-Weber syndrome (KTWS) is a rare congenital
soft-tissue anomaly characterized by multiple hemangiomas,
varicose veins, AV fistulas, and unilateral limb hypertrophy.'°
Klipped-Trenaunay-Weber syndrome is thought to occur sporadi-
cally, but there is evidence of an autosomal dominant inheritance
with familial occurrence.'””'*® Vascular morphogenesis is a vital
process for embryonic development, normal physiologic processes
(e.g. wound healing), and pathologic processes (e.g. atherosclero-
sis and cancer). Genetic studies of vascular anomalies have identi-
fied critical genes involved in vascular morphogenesis.'” A
susceptible gene, VG5Q), has been cloned for KTWS, which encodes
a potent angiogenic factor. Increased angiogenesis is one possible
molecular mechanism for the pathogenesis of KTWS. There are
many other vascular anomaly genes.'’

The vascular abnormalities seen in this condition include
extensive cutaneous vascular malformations, venous varicosities,
and focal abnormalities of the deep venous system. In addition,
there is underlying soft-tissue and bony hypertrophy that can give
rise to arm and leg asymmetry and facial asymmetry. The latter
may give rise to temporomandibular joint dysfunction.'®’ Other
orthopedic manifestations of KTWS include limb-length discre-
pancies, digital anomalies, ulcerations, spine and hip abnormal-
ities, and Charcot osteoarthropathy.'®!

Klippel-Trenaunay-Weber syndrome can be diagnosed in utero
using routine prenatal ultrasound.'®*'®* Women with KTWS can
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become pregnant and there are a number of case reports describ-
ing KTWS and pregnancy.'®*'%>'%1%7 Klippel-Trenaunay-Weber
syndrome is associated with bleeding from angiomata in the
genitalia and coagulation disorders. Uterine angiomatosis'®®
may lead to placental insufficiency and fetal growth restriction.
Kasabach-Merritt coagulopathy, defined by thrombocytopenia
and a consumptive coagulopathy, can complicate KTWS during
pregnancy especially if there are extensive hemangiomas.' "’ This
has obvious implications for the obstetric anesthesiologist.

Major conduction anesthesia has been described in women
with KTWS during pregnancy, but it is prudent to obtain MRI or
CT studies to rule out AV malformations of the lumbosacral
spine.'’""'"* Epidural needles should not be placed through a
cutaneous port-wine lesion.'”"' "
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splenic artery aneurysm

This uncommon aneurysm has the potential to grow and rupture
during pregnancy with life-threatening, often fatal, results for the
mother and fetus.'”* Splenic artery aneurysm (SAA) occurs pre-
dominantly in women, and a majority of the aneurysms are
asymptomatic until rupture. Over half of those that rupture do
so during pregnancy or in women who have had children.'”
A rupture of the splenic artery can mimic uterine rupture, severe
placental abruption, ectopic pregnancy, and most acute abdom-
inal emergencies. It may also mimic cardiorespiratory arrest from
pulmonary embolism."’® A case of SAA at a hospital in San Diego
occurred on the postpartum unit in an obese woman who com-
plained of chest pain and shortness of breath. During evaluation
of her symptoms and treatment of hypoxemia she had a cardiac
arrest with electromechanical dissociation (EMD) and efforts at
resuscitation failed. Postmortem examination revealed a large
hemoperitoneum and a ruptured splenic artery aneurysm.
Patient survival has been described when timely laparotomy is
performed and treatment started with rapid infusion of i.v. fluids
and blood products, ligation of the proximal splenic artery, and
splenectomy.'”” Awareness of the possibility of splenic artery
aneurysm rupture is key to timely and successful resuscitation.

Summary

This chapter has dealt with uncommon vascular disorders that have
the potential to cause significant morbidity and mortality to mother
and fetus. A more common cause of maternal mortality from a
vascular disorder is venous thromboembolism, which has an inci-
dence of 1 per 1000 deliveries' ® of which 1-2% are fatal.' " Acquired
or inherited thrombophilias augment the risk. Arterial thrombosis
is a feature of a number of the uncommon conditions reviewed, and
the incidence of ischemic stroke during pregnancy is estimated at
0.18 per 1000 deliveries. Risk factors for arterial thrombosis include
advanced maternal age, atherosclerosis, obesity, hypertension, and
smoking. Other important risk factors include prosthetic heart
valves and drugs that cause vasospasm.'®’ Obstetric anesthesio-
logists need to be aware that women with predisposition to vascular
disease or those with preexisting vascular lesions may become
symptomatic during pregnancy with clinically significant results.
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RESPIRATORY DISORDERS IN PREGNANCY

John Philip and Shiv K. Sharma

Adult respiratory distress syndrome

Epidemiology

Adult respiratory distress syndrome (ARDS) is a severe form of
acute respiratory failure that can develop following a systemic or
pulmonary insult. Adult respiratory distress syndrome is not
unique to adults, and in children is known as “acute respiratory
distress syndrome”. The incidence of ARDS in pregnancy is vari-
ably reported as 1 in 3000 to 1 in 6000 deliveries' with mortality as
high as 44%."***

Etiology

Several disorders can cause ARDS in pregnancy (see Table 4.1).
Sepsis, secondary to pyelonephritis, chorioamnionitis, or endo-
metritis, is a common cause of ARDS in pregnancy."”” Other
causes include obstetric hemorrhage, severe preeclampsia, and
aspiration."”” There may be a combination of sepsis, shock, and
fluid overload, the latter of which can be exacerbated by tocolytic
therapy.

Pathophysiology

Following the initial insult, a number of inflammatory mediators
such as tumor necrosis factor and interleukins 1, 6, and 8 are
released. Neutrophils are activated to release other mediators
such as reactive oxygen (O,) species and proteases. These medi-
ators produce widespread microvascular and alveolar epithelial
damage. Microvascular damage leads to increased capillary
permeability and subsequent interstitial and alveolar edema.
Alveolar damage results in loss of surfactant and subsequent
alveolar collapse. Alveolar edema and collapse contribute to
ventilation-perfusion (V/Q) mismatching and intrapulmonary
shunting with subsequent hypoxemia.

Pulmonary hypertension frequently develops leading to right
ventricular (RV) dysfunction which reduces left ventricular (LV)
preload and cardiac output (CO). Depressed CO further compro-
mises O, delivery. Multisystem organ failure eventually ensues
and is a common cause of death (see Figure 4.1). Recent extensive
reviews of pathophysiology are provided elsewhere.”"

Clinical course

The pulmonary manifestations of ARDS develop within 24-48
hours of the initial insult. Initially, tachypnea may be the only
finding, followed by dyspnea and hypoxemia. Further progression
results in audible changes on lung auscultation, and radiological
evidence of diffuse pulmonary infiltrates.

Worsening hypoxemia impairs O, delivery to tissues causing
multisystem organ dysfunction, typically acute renal failure, dis-
seminated intravascular coagulopathy, and hepatic failure.
Multisystem organ failure is the main cause of death.

The clinical spectrum of ARDS is wide. In 1994, the American—
European consensus conference on ARDS" issued the following
definition that has been widely adopted by clinicians and
researchers. ARDS is characterized by: (1) bilateral radiographic
pulmonary infiltrates; (2) PaO, to FiO, ratio of 200 or less regard-
less of the level of positive end-expiratory pressure (PEEP); (3) no
clinical evidence of heart failure (if measured, a pulmonary capil-
lary wedge pressure (PCWP) of 18 mmHg or less).

Medical management

The management of ARDS in pregnancy does not differ signifi-
cantly from that in nonpregnant patients. The main objectives in
managing ARDS are to treat the underlying cause, optimize tissue
O, delivery, and manage the acute lung injury while limiting
further lung injury.

General principles of management include provision of res-
piratory support to ensure adequate oxygenation; support of CO
with fluids and inotropes to promote O, delivery; correction of
anemia to facilitate O, delivery; and administration of sedatives,
analgesics, and antipyretics to reduce O, consumption. Sepsis is
commonplace in ARDS and must be aggressively treated with
antimicrobial therapy.

Respiratory support

Patients with ARDS require endotracheal intubation and positive
pressure ventilation in order to maintain adequate gas exchange
and facilitate O, delivery. The decision to provide ventilatory
support should be made in a timely manner so as to optimize
maternal condition and fetal O, delivery.

Optimal ventilator settings will provide adequate oxygenation
without causing O, toxicity, alveolar overdistention, baro-
trauma, or hemodynamic compromise.”'’ The lowest inspired
0O, concentration to maintain a PaO, greater than 60 mmHg or a
Sa0, greater than 90% will reduce the risk of O, toxicity. The use
of low tidal volumes in patients with ARDS is associated with
lower mortality rates. In one report of more than 800 patients
with ARDS, mortality was significantly reduced with low tidal
volumes compared with traditional methods of ventilation."'
However, increased intrathoracic pressures and hypercapnia
can result from this strategy. Positive end-expiratory pressure
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Table 4.1 Etiology of adult respiratory distress syndrome

in pregnancy

Sepsis
chorioamnionitis
pyelonephritis
endometritis
septic abortion

Infectious pneumonia

Obstetric hemorrhage
shock
massive blood transfusion

Severe preeclampsia

Aspiration

Embolism
thrombotic
amniotic fluid
venous air
trophoblastic

Connective tissue disease

Substance abuse

Inhalation injury

Pheochromocytoma

Drug overdose

Modified from references 1, 2, 5, 36, and 37

is used to prevent alveolar collapse, recruit collapsed alveoli,
and improve oxygenation. However, excessive levels of PEEP
can decrease CO, reduce O, delivery, and increase the risk of
barotrauma.

Nitric oxide (NO) relaxes smooth muscle, and when inhaled
facilitates pulmonary vasodilation in ventilated areas of the lung.
In turn, this minimizes intrapulmonary shunting and improves
O, delivery. Inhaled NO therapy for ARDS improves oxygenation
but does not change mortality.'”'” There are reports of the use of
inhaled NO in pregnancy, including one report of a pregnant
woman with fulminant respiratory failure.'* The potential benefit
of inhaled NO in carefully selected patients with intractable
hypoxemia cannot be ruled out."”

Another pharmacological approach to the treatment of ARDS
has been the use of exogenous surfactant. Although preliminary
studies seemed promising, no benefit in reducing mortality from
ARDS has been demonstrated with the use of recombinant or
synthetic surfactant.'®'”

Fluid management

Fluid balance can be difficult to achieve in ARDS. Widespread
capillary leak with extravasation of fluids, plus intravascular
hypovolemia, can depress CO and compromise tissue O, delivery.
However, intravenous (i.v.) fluid administration to correct hypo-
volemia may precipitate pulmonary edema and worsen tissue O,
delivery. Furthermore, the lower colloid oncotic pressure of preg-
nancy may predispose a pregnant woman with ARDS to a greater
risk of pulmonary edema. The PCWP should be kept at the lowest
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Figure 4.1 Pathophysiology of ARDS.

level compatible with adequate CO. Fluid balance is maintained
using crystalloid solutions to increase intravascular volume or
diuretics to reduce intravascular volume when needed, using
data from pulmonary artery catheterization to guide therapy.

Other therapies

Since much of the lung damage from ARDS is caused by inflam-
matory mediators, it has been hypothesized that pharmacological
agents capable of suppressing inflammation and promoting lung
repair could positively impact clinical outcomes. However, vari-
ous novel anti-inflammatory and antioxidant therapies have not
yielded promising results.'®'?**?1?>23 The value of corticoster-
oid therapy in ARDS is uncertain, although there is recent evi-
dence of a possible benefit in unresolving ARDS.**

Prospective randomized trials have failed to show an advantage
of extracorporeal membrane oxygenation (ECMO) over conven-
tional treatment in patients with ARDS. However, case reports
have described recovery from ARDS in pregnancy following the
use of ECMO.”
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Selective decontamination of the digestive tract, to limit trans-
location of gut pathogens, can reduce mortality in critically ill
patients.””

Obstetric management

The risks and benefits of early, elective delivery must be assessed,
but no study has demonstrated an improvement in maternal
outcome with delivery of the fetus.”””** However, when the
maternal condition is such that placental O, transfer is compro-
mised, immediate delivery may be required to minimize perinatal
morbidity and mortality. Vaginal delivery is possible in ventilated
patients with ARDS?*?**”! and cesarean section (C/S) is typically
reserved for obstetric indications.

Anesthetic management

Increased O, consumption during active labor is well known.
Labor analgesia for mechanically ventilated patients can be pro-
vided with i.v. opioids, which in turn can decrease O, consump-
tion. However, epidural analgesia has been shown to have
a beneficial effect on O, consumption in a parturient with
ARDS.*” If a regional anesthetic is considered, attention must be
given to intravascular volume, coagulation status, and the pre-
sence of infection. Technical factors often will limit the ability to
induce regional anesthesia in these women. In mechanically
ventilated patients, general anesthesia (GA) is often the most
convenient choice of anesthetic for C/S.

Asthma in pregnancy

Asthma has been reported to affect 3.7% to 8.4% of pregnant
women.” The natural course of asthma in pregnancy appears
variable, with conflicting reports in the literature.”"**~° However,
a significant proportion of patients experience a worsening
of their symptoms, whereas others may remain unchanged
or improve during pregnancy. Baseline asthma severity corre-
lates well with asthma exacerbation during pregnancy. With
mild disease, 13% suffer exacerbations, whereas with severe
asthma, exacerbations may occur in up to 50% of affected
women.”’ Further, the risk of exacerbation following C/S is
much higher than with vaginal delivery.”® Approximately two-
thirds of women show the same pattern in their asthma from one
pregnancy to the next.”® Status asthmaticus is a relatively uncom-
mon occurrence in pregnancy and is seen in approximately 0.2%
pregnancies.””

Maternal and fetal effects of asthma

Mild forms of asthma have minor effects on pregnancy and neo-
natal outcome.”’ There is a slight increase in the incidence of
preeclampsia, preterm labor, low-birthweight infants, and peri-
natal mortality in pregnant asthmatics.”*"***® The rate
of intrauterine growth restriction increases as the severity of

asthma worsens, possibly due to maternal hypoxemia, increased
systemic and pulmonary vascular resistance, and decreased CO."'
Maternal and perinatal mortality increases when asthma control
is poor,”” or in severe asthmatics when mechanical ventilation
is required. Cesarean section is more likely in asthmatics.”*>*
Babies of mothers with severe asthma are more prone to hypo-
glycemia as a result of maternal treatment with steroids.™

Management of asthma

The characteristics of asthma include reversible airway obstruc-
tion from bronchial smooth muscle contraction, mucus hyperse-
cretion, and mucosal edema. This chronic inflammatory airway
disorder is exacerbated by release of histamine, prostaglandin
D2, and leukotrienes from mast cells after exposure to stimulants
such as cigarette smoke, viral infections, aspirin, cold air, or
exercise. There is evidence that heredity plays a major role in
the development of asthma.*”*°

Clinical course

The clinical course of asthma depends on the degree of broncho-
spasm and subsequent alterations in oxygenation due to V/Q
mismatching. Affected women typically present with chest tight-
ness, wheezing, or breathlessness. Mild asthmatics usually
develop respiratory alkalosis due to hyperventilation resulting in
decreased pCO,, with normal arterial pO,. Ventilation perfusion
mismatch worsens as asthma becomes more severe leading to
arterial hypoxemia, hypercapnia, acidemia, and, if untreated,
respiratory failure. Even mild asthma is a threat to the pregnant
woman and her fetus, as pregnant women have reduced respira-
tory reserves and are more susceptible to hypoxemia.

Evaluation

Clinical examination, arterial blood gas analysis and pulmonary
function tests are required to determine the severity of asthma.
Clinical signs of severe disease include labored breathing, tachy-
cardia, pulsus paradoxus, prolonged expiration, central cyanosis,
and altered consciousness. Arterial blood-gas analysis provides
objective assessment of maternal oxygenation, ventilation, and
acid-base status. Measurement of the forced expiratory volume
in one second (FEV,), which correlates with the peak expiratory
flow rate (PEFR), is now used routinely in the assessment of
severity and management of asthma. FEV; < 1L indicates severe
disease with hypoxia and poor response to therapy.*’

Management of chronic asthma

Experts agree that undertreatment is the single most important
error in the management of asthma during pregnancy.’®”
Pregnant women and their physicians should be reassured that
most of the regularly used drugs (including albuterol, terbutaline,
epinephrine, methylxanthines, cromolyn, oral steroids, and
inhaled beclomethasone) have been used widely for many years
without any evidence of teratogenicity in humans."**"*” One study
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Table 4.2 Usual doses of medications for chronic asthma

during pregnancy and lactation

Table 4.3 Pharmacologic step therapy of chronic asthma
during pregnancy

Medication Adult dose

Category Step therapy

Inhaled corticosteroids
Beclomethasone CFC
42 or 84 pg/puff
Beclomethasone HFA
40 or 80 pg/puff
Budesonide DPI
200 pg/inhalation

168-840 pg/day

80-480 pg/day

200-600 pg/day

Systemic corticosteroids Applies to all three corticosteroids

Methylprednisolone 7.5-60 mg daily
Prednisolone Short-course “burst” to achieve control:
Prednisone 40-60 mg per day as single dose or two

divided doses for 3-10 days

Long-acting inhaled beta 2-agonists (preferably with inhaled
corticosteroids)

Salmeterol 2 puffs q 12 hours
MDI 21 pg/puff
Formoterol 1 capsule q 12 hours

DPI 12 pg/single-use
capsule
Cromolyn

Cromolyn
MDI 1 mg/puff

2-4 pulffs tid-qid

Leukotriene receptor

Antagonists
Montelukast 10 mg qhs
10 mg tablet
Zafirlukat 40 mg daily (20 mg tablet bid)

10 or 20 mg tablet

Methylxanthines (serum concentration of 5-12 ug/ml at steady state)
Theophylline Starting dose 10 mg/kg/day up to

300 mg max: usual max 800 mg/day

MDI = metered-dose inhaler; DPI = dry powder inhaler;

CFC = chlorofluorocarbon; HFA = hydrofluoroalkane

(NB 100 nug beclomethasone CEC (budesonide) is equivalent to 50 pg
beclomethasone CFC-free (fluticasone) because the CFC-free
product has superior lung deposition. HFA is a nonozone depleting
propellant. CFC is an ozone depleting propellant that is to be phased
out of production by international agreement).

found that maternal exposure to orally inhaled budesonide during
pregnancy is not associated with an increased risk of congenital
malformations or other adverse fetal outcomes."” Table 4.2 shows
some common drugs and the doses used for chronic asthma.
Corticosteroids are anti-inflammatory agents that have three
distinct actions on gene expression and second messenger cas-
cades.”® The risk associated with use of oral corticosteroids dur-
ing pregnancy is probably still less than the potential risks to the
mother and the fetus from severe asthma. The low plasma levels
achieved by inhaled corticosteroid make it unlikely that fetal
effects will occur. Beta-2 adrenergic agonists activate adenyl
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Mild intermittent Inhaled beta 2-agonists as needed (for all
categories).
Mild persistent Inhaled cromolyn.

Continue inhaled nedocromil in patients
who have shown a good response prior
to pregnancy.

Substitute inhaled corticosteroids (see
below) if above not adequate.
Moderate persistent Inhaled corticosteroids.

Continue inhaled salmeterol in patients
who have shown a very good response
prior to pregnancy.

Add oral theophylline and/or inhaled
salmeterol for patients inadequately
controlled by medium-dose inhaled
corticosteroids.

Severe persistent Above plus oral corticosteroids (burst for
active symptoms, alternate-day or daily

if necessary).

ACAAI/ACOG recommendations (Ref. 59)

cyclase to increase intracellular 3'-5'-cyclic adenosine monophos-
phate (cyclic AMP) and cause bronchial smooth muscle relaxa-
tion. Women with asthma should measure and record PEFR
twice daily. The baseline values range from 380 to 550 L/min in
pregnant women. Treatment depends on the severity of disease
(see Table 4.3)."” For mild asthma, inhaled beta-agonists are used
every three to four hours as needed, but inhaled corticosteroids
are recommended for persistent asthma. The use of inhaled
corticosteroids along with a beta-agonist may reduce hospital
readmission for a severe exacerbation. Theophylline is a methyl-
xanthine and a bronchodilator with possible anti-inflammatory
effects. This agent is useful for oral maintenance therapy if patients
do not respond to inhaled corticosteroids and beta-agonists.
Reduced plasma protein binding of theophylline in pregnancy
increases the availability of free (active) drug. Recommended
plasma therapeutic ranges in pregnancy are between 5-12 ug/ml
or 8-15ug/mlL°" A comparison of oral theophylline with inhaled
beclomethasone, for maintenance therapy in pregnant women
with asthma, showed no difference in exacerbation rates and
no difference in pregnancy outcome.’”” However, women tend to
discontinue oral theophylline because of its side effects.
Cromolyn and nedocromil, which inhibit mast cell degranula-
tion, are used to prevent asthma, but are ineffective for treat-
ment of acute asthma. They are administered as aerosols and
clinical experience suggests that fetal effects are minimal.
Leukotriene modifiers (zileuton, zafirlukast, and montelukast)
inhibit leukotriene synthesis. These agents provide slightly
improved asthma control when given either orally, or by inhala-
tion, for prevention of asthma.’” There is minimal information
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Table 4.4 Management options of status asthmaticus

Drug Route Dose Comments
Oxygen face mask 40-60% Humidification important
Heliox face mask 70-80% helium, 20-30%
oxygen
Beta-2 adrenergic agonists
Terbutaline neb. 10mg
Terbutaline s.C. 0.25mg Repeat after 15-30 min, beware of hypotension
Albuterol neb. 5mg
Epinephrine s.C. 0.3mg Repeat after 20 min x 2
Steroids
Methylprednisolone iv. 60-125mg Steroids | gestational diabetes + fetal hypoglycemia
Hydrocortisone iv. 100-200 mg Cover stressful events (e.g. delivery)
Prednisone/prednisolone o 30-60 mg daily
Methylxanthine
Theophylline i.v. (slowly) 5mg/kg loading dose | if previous doses or on theophylline
infusion 0.2-0.9 mg/kg/hr Check plasma theophylline levels
Therapeutic range?
Anticholinergic
Ipratropium neb. 0.5mg Works best in combination therapy

neb. = nebulized; s.c. = subcutaneous; i.v. = intravenous, o = oral

currently available on the use of leukotriene modifiers during
human pregnancy (see www.nhlbi.nih.gov/health/prof/lung/
asthma/astpreg/astpreg_qr.pdf).

Management of acute asthma

The key to the successful treatment of acute asthma during preg-
nancy is a low threshold for hospital admission. Careful clinical
assessment must be made upon admission and reviewed fre-
quently. Treatment goals include minimizing hypoxemia, hypercar-
bia, or alkalosis, all of which reduce fetal oxygenation. Intravenous
fluid administration helps to clear pulmonary secretions through
hydration, and supplemental O, by mask should be administered
after a blood-gas sample is obtained. It is recommended that pO, be
maintained at > 60 mmHg, and SaO, > 95%. Monitoring includes
continuous pulse oximetry and electronic fetal heart rate.

First-line therapy for acute asthma includes inhaled or subcu-
taneous (S/C) beta-adrenergic agonists (see Table 4.4), and corti-
costeroids should be given early when asthma is severe.”
Intravenous methylprednisolone 40 to 60 mg, every six hours, or
equipotent doses of hydrocortisone by infusion, are given in
conjunction with beta-agonists.

If initial therapy with beta-agonists fails to improve FEV; or
PEFR to >70% baseline values, or if respiratory distress persists,
admission to an intensive care unit is recommended. An elevated
arterial pCO, (>38 mmHg) is an ominous sign in pregnancy but
would be considered normal in a nonpregnant woman.

Intensive therapy includes inhaled beta-agonists, i.v. cortico-
steroids, and close observation for worsening respiratory distress
or fatigue in breathing.”” Severe asthma of any type not

responding to 30-60 minutes of intensive therapy is termed status
asthmaticus. Management of nonpregnant patients with status
asthmaticus in an intensive care setting results in a good outcome
in most cases.”® Fatigue, CO, retention, and persistent hypoxemia
are indications for mechanical ventilation.

Intravenous albuterol, terbutaline, and ritodrine have well-
known tocolytic effects and are often used to treat preterm
labor. However, there is no evidence that these drugs interfere
with the course of labor when used by the inhaled or s. c. routes.

Intubation and ventilation

If endotracheal intubation is required, aortocaval compression
must be avoided and induction of anesthesia should include pre-
oxygenation and precautions against aspiration of gastric contents.
Thiopental, etomidate, and ketamine have been used as induction
agents, but the marked bronchodilator properties of ketamine
make it the preferred agent. However, seizure-like extensor spasms
have been reported following the administration of ketamine to
patients who had received aminophylline, so caution is neces-
sary.”” Alternatively, propofol, which provides better protection
against bronchospasm than thiopental, can be used. The risk of
histamine release from succinylcholine is outweighed by the excel-
lent intubating conditions achieved. Intravenous lidocaine 1 mg/
kg has been advocated to minimize further bronchospasm.”® The
alternative technique of using an inhalational induction with sevo-
flurane is unlikely to be smooth or easy; moreover it may increase
the risk of pulmonary aspiration, and is not recommended. Once
the trachea is intubated, high concentrations of volatile anesthetic
agent can be used to break the bronchospasm.
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Muscle relaxation should be provided by nondepolarizing
agents that do not release histamine (e.g. vecuronium). Peak air-
way pressures are likely to be high and careful manipulation of
ventilator settings is required to minimize the risk of barotrauma
(pneumothorax and pneumomediastinum). Normal physiologi-
cal (pregnant) values for arterial pO, and pCO, are the desired
endpoint. The use of PEEP is controversial in this setting.

Labor and delivery

Asthma medications are continued throughout delivery.
Additional corticosteroids are administered if systemic steroid
therapy was used within four weeks. Hydrocortisone 100 mg i.v.
every eight hours is a commonly used dosing regimen. The PEFR
or FEV; should be determined upon admission and serial meas-
urements taken if symptoms develop.

Epidural analgesia markedly reduces the work and physiologi-
cal stress of labor’” and is strongly recommended for asthmatic
parturients. A weak bupivacaine-opioid solution has been used
successfully to produce minimal motor block, and avoid respira-
tory embarrassment.”” A combined spinal-epidural technique
(CSE) may also provide rapid onset of good quality analgesia
with minimal motor block.”’ However, aseptic meningitis has
been reported following CSE and high-dose steroids may, theor-
etically, increase the risk of this complication. Paracervical and
pudendal blocks may be used for the first and second stages of
labor, respectively, when epidural or spinal analgesia is unsuita-
ble. An assisted delivery (forceps or vacuum extraction) mini-
mizes maternal stress and effort.

If regional anesthesia is contraindicated, opioids (preferably
i.v. + patient controlled) may be used but provide less effective
analgesia, particularly for the second stage of labor. Fentanyl is
the preferred opioid for asthmatic patients since it does not
release histamine. Careful assessment must be made of the
effects of opioid analgesia on respiratory function.

Cesarean section

When C/S is necessary for women with asthma, regional anesthe-
sia is preferable, since it avoids airway stimulation. However,
acute bronchospasm has been precipitated by spinal anesthesia
in pregnancy, although the etiology was unclear.®” It is postulated
that high sensory blockade causes a fall in adrenal epinephrine
output,”” but this should not be a reason to avoid regional
anesthesia. Although spinal anesthesia provides a rapid block,
epidural anesthesia allows slow incremental titration, which
may minimize the risk of respiratory embarrassment from a high
sensory level. However, the sensory level must be high enough to
provide good-quality analgesia (above T6 sensory level), since
intraoperative pain and distress can worsen bronchospasm.
The addition of an epidural opioid (e.g. fentanyl or sufentanil)
improves the quality of the sensory block and is recommended.
Epidural epinephrine use is still controversial in obstetric anesthe-
sia and risks a potential additive effect with other beta,-adrenergic
agonists, particularly S/C epinephrine. Many anesthesiologists,
however, still use epinephrine in the initial test dose.

Table 4.5 Anesthetic and obstetric drugs to avoid

Prostaglandin F,,

Ergonovine

Aspirin and other NSAID

Histamine-releasing drugs (e.g. atracurium, tubocurare )

NSAID = nonsteroidal anti-inflammatory drugs

If the woman'’s condition is too poor to tolerate a regional tech-
nique (i.e. restless, dyspnoeic, and unable to lie supine), GA is req-
uired. The management of endotracheal intubation is described
above. Nitrous oxide may increase the degree of air trapping, reduce
the maximum O, concentration, and probably adds little value
to the anesthetic technique. Maintain anesthesia with a haloge-
nated inhalation agent at a concentration high enough to avoid
“light” (i.e. inadequate) anesthesia, since inadequate anesthesia
will aggravate bronchospasm. Excessive blood loss due to uterine
atony is unlikely to be a significant problem when using halothane
0.75%, enflurane 1.7%, or isoflurane 1.2% in O, after a short period
of overpressure.”’ Sevoflurane is an effective agent in preventing
and managing intraoperative bronchospasm.””

Intravenous oxytocin infusion should be used routinely after
delivery to provide uterine contraction. Ongoing hemorrhage from
uterine hypotonia, despite oxytocin administration, is treated with
prostaglandin E, or methergine (ergonovine). Prostaglandin F,,
(PGF,,) may cause significant bronchospasm in asthmatic patients
(see Table 4.5). Oxygen desaturation following 15-methyl PGF,,
has been reported in women without reactive airway disease.”

After GA, intensive care admission is advised as it allows for a
delayed and controlled extubation with optimization of respiratory
and cardiovascular parameters. In view of the potential to aggra-
vate bronchospasm, some practitioners avoid nonsteroidal anti-
inflammatory drugs (NSAID), providing postoperative analgesia
with continuous regional techniques or parenteral opioids.

Summary

The greatest risk to an asthmatic mother and her baby stems from
inadequate treatment of acute asthma. All the drugs commonly
used in the treatment of acute asthma are reliable, and safe to use
in pregnancy. They should not be withheld from the mother on
the basis of potential, unproven and unlikely toxic effects on the
fetus. A low threshold for hospitalization is important for the
successful treatment of acute asthma in pregnant women.
Regional anesthesia and analgesia have important advantages in
this patient population, not least of which is avoidance of airway
stimulation.

Pulmonary embolism

Pulmonary embolism is a significant cause of morbidity and
mortality during pregnancy.””°® Emboli may consist of
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thrombus, air, or amniotic fluid, and rarely of fat, tumor, sickle
cell, or infectious material. Amniotic fluid embolism (AFE) is a
rare entity with usually catastrophic outcome. In contrast, venous
air embolism (VAE) occurs commonly, but is associated with a
less severe clinical course.

Thromboembolic disease

Incidence

Pulmonary thromboembolism (PTE) is a complication of venous
thrombosis. The risk of venous thromboembolism has been esti-
mated to be fivefold to sixfold higher in women who are pregnant
compared to nonpregnant women.’®“’ Deep vein thrombosis
(DVT) occurs in 1 in 300 to 1 in 5000 of all pregnancies and
there is evidence that the incidence is more common in the
antepartum period.”””"”* Pulmonary thromboembolism occurs
mostly as a result of DVT, and rarely from superficial, pelvic, or
ovarian vein thromboses. Pulmonary thromboembolism compli-
cates 1 in 1000 to 1 in 2000 pregnancies and accounts for approxi-
mately 12% to 25% of direct maternal mortality.”” "

Etiology

The uterus grows as pregnancy progresses and may compress the
inferior vena cava, resulting in venous stasis in the pelvic and lower
extremities. In pregnancy, blood is hypercoagulable in that several
coagulation factors (e.g. fibrinogen V, VII, VIII, X, XII, and von
Willebrand factor) increase, while naturally occurring anticoagu-
lants (antithrombin III, proteins C and S) decrease.”” Increased
platelet reactivity, as a result of enhanced thromboxane A2 (TXA2)
production, further contributes to the hypercoagulability during
the third trimester of normal pregnancy.’®

Vascular trauma during C/S and vaginal delivery and separa-
tion of the placenta may initiate a series of physiologic events
leading to an acceleration of coagulation activity and increased
risk of thromboembolism. The risks of DVT and PTE are five to
fifteen times higher after C/S than after vaginal delivery.

Table 4.6 shows some coexisting factors and conditions, which
increase the risk of PTE in pregnancy.

Table 4.6 Coexisting factors and conditions that increase the

risk of pulmonary thromboembolism in pregnancy

Smoking

Obesity

Preeclampsia

Multiple gestation

Previous history of thromboembolism
Antiphospholipid antibody syndrome
Proteins S and C deficiencies
Antithrombin III deficiency
Hyperhomocysteinemia
Prothrombin gene mutation

Factor V Leiden mutation

Resistance to activated protein C, which is frequently asso-
ciated with Factor V Leiden mutation, is by far the most com-
mon identified genetic predisposition to the development
of thrombosis.”””® Other thrombophilic states that interact
with the procoagulant state of pregnancy include: antithrom-
bin deficiency, protein S deficiency, and MTHFR C677T
homozygotes.®

Pathophysiology

Pulmonary thromboembolism leads to obstruction of the pul-
monary arterial tree. In turn there is an increase in pulmonary
vascular resistance (PVR) and RV afterload, which can cause
RV failure. Massive PTE increases RV afterload acutely and
enlarges the right ventricle. There may be a shift of the ven-
tricular septum to the left, which can cause LV failure.
Consequently, the increase in hydrostatic pressure and disrup-
tion of the normal capillary integrity predispose the patient to
pulmonary edema.

Pulmonary thromboembolism causes an increase in V/Q mis-
matching, especially an increase in the alveolar dead space,
which leads to arterial hypoxemia. A decrease in CO in patients
with RV failure further enhances the effects of V/Q mismatching.
Hypoxemia and hypocapnia are characteristic of PTE.

Clinical presentation

Deep vein thrombosis

Pulmonary emboli occur in 50% of patients with documented
DVT. Half of the patients with documented DVT are asympto-
matic. Most clinically significant emboli arise from thrombi in the
deep veins of the thigh. Calf vein thromboses rarely produce large
emboli. The most common signs and symptoms of DVT are
swelling of calf muscles (with a 2 cm difference in leg circumfer-
ence at the mid-calf between the affected and unaffected legs),
pain, tenderness, positive Homan sign (painful passive dorsiflex-
ion of the foot), a change in limb color, and a palpable cord due to
associated thrombophlebitis. Puerperal ovarian vein and pelvic
vein thromboses may present in the postpartum period with a
fever lasting more than 72 hours which is unresponsive to anti-
biotic therapy.

Pulmonary thromboembolism

The clinical diagnosis of PTE is difficult because the presenting
signs and symptoms may be nonspecific. Most PTE are asympto-
matic and not life-threatening. The common presentations of
PTE are listed in Table 4.7. The classic triad of dyspnea, pleuritic
pain, and hemoptysis is present in only 25% of patients with PTE.
Examination of the cardiovascular system reveals tachycardia,
and signs of RV failure (e.g. split-second heart sound, jugular
venous distension, a parasternal heave, and hepatic enlarge-
ment). Low-grade fever, cyanosis, diaphoresis, altered mental
status, wheezing, and clinical signs of DVT may also be present.
Rarely, patients may present with abdominal pain due to
infarcted lung next to the diaphragm, or disseminated intravas-
cular coagulation (DIC).
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Table 4.7 Signs and symptoms of pulmonary embolism

No symptoms
Tachycardia, tachydysrhythmias
Chest pain
Tachypnea
Flank pain
Chest x-ray findings:
atelectasis
pleural effusion
elevated hemidiaphragm
peripheral segmental or subsegmental infiltration
Dyspnea
Hypotension
Hemoptysis
Jugular vein distension
Low-grade fever
Accentuated P2
Syncope
Right-side S3
Unexplained shock
Cyanosis

Deep vein thrombosis

Compression ultrasonography is noninvasive and is the primary
test used currently to detect DVT. It has a sensitivity of 97% and a
specificity of 94% for the diagnosis of symptomatic, proximal DVT
and a negative predictive value of 98%." %%

Impedance plethysmography measures volume changes
within the leg. It is only 50% sensitive for detection of a clot in
the small calf veins.?” Furthermore, thrombotic and nonthrom-
botic occlusions cannot be differentiated by plethysmography.

Invasive venography is the most accurate test for diagnosis of
DVT, and has a negative predictive value of 98%.%* However, it is
not useful for the evaluation of the pelvic vasculature, is time
consuming and cumbersome, and has significant complications
compared to popular noninvasive methods.

Isotope scanning is an effective method of diagnosing DVT.
It involves the use of '?*I-labeled fibrinogen and its detection as it
incorporates into the developing thrombus. Since this method
involves systemic injection of radioactive isotope of iodine,
which may cross the placenta and affect the fetus, its use is
contraindicated during pregnancy. Computerized axial tomogra-
phy and magnetic resonance imaging (MRI) have been shown
to be sensitive in the diagnosis of DVT and to follow the clinical
resolution of puerperal ovarian vein and septic pelvic vein
thromboses.” %

Pulmonary thromboembolism

A decrease in Sa0, and end-tidal CO, (EtCO,) reflect the abnor-
mal V/Q relationship and increased physiological dead space that
can result from PTE. Table 4.7 shows signs and symptoms of
pulmonary embolism.
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An ECG may show signs of RV strain, right axis shift, P pulmo-
nale, supraventricular dysrhythmias, and S1, Q3, T3 pattern.
However, the most common abnormal ECG findings seen with
PTE are ST-segment changes.

The chest radiograph (CXR) is neither specific nor sensitive in
the diagnosis of PTE because similar findings are observed with
other conditions. Furthermore, in approximately 25-40% of
patients with pulmonary embolism the CXR may be normal.”
However, a CXR helps to diagnose other conditions that can
mimic PTE, such as pneumonia and pneumothorax. A negative
D-dimer assay can be a reassuring diagnostic test in cases of PTE
that are of low clinical suspicion.**

Invasive hemodynamic monitoring with a central venous
catheter or pulmonary artery catheter may reveal increased cen-
tral venous pressure (CVP), raised mean pulmonary arterial pres-
sure (PAP), and normal or low pulmonary artery occlusion
pressure (PAOP). Monitoring PAOP and CO helps to determine
the administration of fluids and inotropic drugs.

A definitive diagnosis can be made with a V/Q scan if there is a
high clinical suspicion of PTE and a scan shows high probability for
PTE (for example normal ventilation with segmental perfusion
defect).”” The probability of PTE is only 10-40% if the perfusion
defect on the lung scan is subsegmental with normal perfusion.
Normal perfusion on the lung scan excludes the diagnosis of PTE.
However, multiple perfusion defects and V/Q mismatch on the lung
scan suggest a high probability of a pulmonary embolus. If the lung
scan reveals low probability of pulmonary embolus but the clinical
suspicion is high, pulmonary angiography should be considered.

Spiral computed tomography (CT) allows rapid imaging from
the main pulmonary arteries to at least the segmental and poss-
ibly the subsegmental branches. Fetal radiation exposure with
standard spiral CT is less than with V/Q lung scanning.®®

Echocardiography can be useful in the detection of a pulmon-
ary embolus after C/S.”” Magnetic resonance angiography with
i.v. contrast allows high-resolution magnetic resonance angio-
graphy during a single suspended breath.”” Standard pulmon-
ary angiography is currently the most definitive test for PTE,
but it is invasive and requires catheterization of the right side
of the heart.

Deep vein thrombosis

The clinician should have a high index of suspicion for DVT, but
before therapy is started a definitive diagnosis must be estab-
lished. An algorithm for diagnosis and management of DVT and
pulmonary embolism has been proposed (see Figures 4.2 and
4.3)*° Heparin therapy should be started immediately after the
diagnosis of DVT to prevent the occurrence of PTE. The loading
dose of unfractionated heparin (UFH) is 100 units/kilogram
(U/kg) followed by an initial infusion rate of 1000 U/h. The ade-
quacy of anticoagulation is monitored with serial activated partial
thromboplastin times (aPTT), which should be maintained
between 1.5-2.5 times normal for 7-10 days.” After therapeutic
PTT values have been maintained for two days, S/C administra-
tion can be substituted for i.v. administration. Subcutaneous
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Suspected DVT

|

CUS of proximal veins (day 1)
|

Clearly abnormal Normal Equivocal
Treat Isolate iliac DVT suspected Venography
I
I I
Normal Abnormal
No treatment Treat
I I
Yes No
I
I I
Pulsed Doppler with Venography
direct visualization of or .
iliac vein MRV Rerial SR
I I I
I I I I
Normal Abnormal Normal Abnormal Normal Abnormal
Serial CUS Treator  No treatment Treat No treatment Treat
confirm with
venography
Suspected PE
V/Q scan
High probability Nondiagnostic Normal
Diagnose PE CUS PE excluded
DVT present DVT absent
Diagnose PE Serial CUS Pulmonary angiography
Negative Positive Negative
PE excluded PE diagnosed PE excluded

Figures 4.2 and 4.3 An algorithmic approach to diagnosis and management of DVT and pulmonary embolism (from Bates, S. M. & Ginsberg, J.S. How we manage
venous thromboembolism during pregnancy. Blood 2002; 100: 3470-8). CUS: compression ultrasonography.
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Table 4.8 Heparin dosing regimens

Dose Regimen

Mini-dose UFH
Adjusted-dose UFH

UFH 5000 U subcutaneously every 12 h
UFH subcutaneously every 12 h in doses
adjusted to target a midinterval PTT into
the therapeutic range
Prophylactic-dose Enoxaparin 40 mg once daily or 30 mg twice
LMWH daily
Tinzaparin 4500 U once daily
Dalteparin 5000 U once daily
Weight-adjusted
dose LMWH

Enoxaparin 1 mg/kg twice daily or
1.5 mg/kg once daily

Dalteparin 100 U/kg every 12 h or 200 U/kg
every 24h

Tinzararin 175 U/kg once daily

U = units; UFH = unfractionated heparin; LMWH =low molecular
weight heparin; PTT = activated partial thromboplastin time

regimens typically use 5000 U of UFH S/C every 12 hours. This
dose only minimally prolongs the PTT and theoretically there
should be no increased risk of hemorrhagic complications.
Heparin therapy may be discontinued when the patient begins
active labor or 4-6 h prior to C/S. Baseline anticoagulant activity
should be assessed by measuring the PTT immediately after dis-
continuing the heparin therapy. For surgical hemostasis, the use
of protamine in incremental doses up to a calculated dose of 1 mg
protamine per 100U heparin should be considered. Heparin
therapy can be reinstituted in the postpartum period if the patient
is stable. Warfarin can be administered concurrently, monitoring
anticoagulation by the prothrombin time (PT). Anticoagulation is
maintained for three months postpartum.

Low-molecular weight heparin (LMWH) does not cross the
placenta and has been used effectively in pregnant patients for
the prevention and treatment of DVT.”””" When compared to
UFH, LMWH use during pregnancy has a lower risk of bleeding
complications, heparin-induced thrombocytopenia, and osteo-
porosis. Prophylaxis for PTE includes S/C dalteparin 5000 U every
24 hours or enoxaparin 40 mg every 24 hours (see Table 4.8).”
The dose of LMWH is adjusted to achieve a peak anti-Xa plasma
concentration of 0.4U/ml to 0.7U/ml. Optimally, LMWH pro-
phylaxis for patients at risk for thromboembolic disease should
continue throughout delivery and into the postpartum period. As
with UFH, the pharmacokinetics of LMWH are altered during
pregnancy.”’

Pulmonary thromboembolism
The successful management of a patient with PTE requires prompt
diagnosis and rapid institution of appropriate therapy (see
Table 4.9). The first hour after a PTE is the most critical, and
approximately 10% of all affected patients die during that period.
Initial supportive management of PTE consists of maintaining
oxygenation, ventilation, and hemodynamic status. Hypoxemia
should be treated with supplemental O, but this may not be
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Table 4.9 Management of pulmonary thromboembolism

Cardiopulmonary support
Anticoagulation therapy
Venous interruption
Fibrinolytic therapy

e o o o o

Surgical embolectomy

adequate because of severe V/Q mismatching and decrea-
sed mixed-venous O, tension. Mechanical ventilation will be
necessary in patients with hemodynamic instability and severe
hypoxemia. Improved oxygenation reduces RV afterload and
improves hemodynamic status. Volume resuscitation with col-
loids or crystalloids improves CO and arterial blood pressure. If
inotropic support for the RV is required dobutamine is preferable
to dopamine because of its vasodilatory effects.

Heparin therapy should be started immediately. An i.v. bolus
dose of 100 U/kg UFH should be followed by a continuous infusion
of 1000U/h to maintain the aPTT at twice normal values.’”*’
Heparin improves oxygenation and hemodynamic status by redu-
cing pulmonary artery obstruction and by preventing further release
of vasoactive and bronchoconstrictive mediators from platelets and
thrombin, thus decreasing pulmonary vascular resistance.

Vena caval ligation or inferior vena caval filter should be con-
sidered in patients on anticoagulation therapy who have recurrent
emboli or those who cannot be anticoagulated.”” Caval ligation has
a higher mortality (10-15%) than insertion of a vena caval filter
(< 1%) in nonpregnant patients. In 11 cases of temporary inferior
vena caval filters inserted prior to delivery, there were no cases of
PTE during or after delivery in pregnant women with DVT.”

Patients with a massive PTE and acute cardiac decompensation
may respond to thrombolytic therapy.’® Although both urokinase
and streptokinase have been used successfully in pregnancy,’””*
urokinase is considered less antigenic. Recombinant tissue plas-
minogen activator (rt-PA), has been used successfully in a preg-
nant patient with massive pulmonary embolism.” Use of rt-PA is
associated with minimal bleeding complications, as it does not
induce systemic fibrinolysis and is active only when it binds to
thrombin and is therefore clot specific.'””* Thrombolytic therapy
should be monitored by thrombin time, which should not be greater
than five times that of normal. Thrombolytic therapy in a pregnant
patient is associated with the risk of maternal bleeding and abruptio
placentae,”®”"?*? and thus should be used cautiously after con-
sultation with a hematologist. Surgical embolectomy is associated
with a high mortality rate and therefore should be a last measure in
those patients showing rapid clinical deterioration.

Anesthetic management

There are reports of epidural hematoma after anticoagulation and
neuraxial blockade'’” and after anticoagulation without neuraxial
blockade.'”’ Due to the serious consequences of an epidural
hematoma, the anesthesiologist should carefully assess the risks
versus the benefits of performing regional anesthesia in a patient
with coagulopathy.
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Aregional block should be avoided for either labor analgesia or
C/S in patients with an abnormal aPTT. Heparin should be dis-
continued and aPTT should be normal before elective C/S. In
laboring women heparin should be discontinued with the onset
of active labor, and i.v. opioid analgesia can be considered in
place of epidural analgesia until the aPTT is normal. Protamine
may be administered in selected patients who require emergency
C/S. Protamine is unpredictable in reversing the anti-Xa activity
caused by LMWH.

The American Society of Regional Anesthesia and Pain
Medicine (ASRA) has provided guidelines to improve safety of
regional anesthesia/analgesia in anticoagulated patients (see
Table 1.7 in Chapter 1).'"

Neuraxial blockade is contraindicated in patients receiving
concomitant fibrinolytic therapy, because of the risk of epidural
hematoma. All patients who receive regional anesthesia after
anticoagulation or fibrinolytic therapy should be followed for
signs and symptoms of a developing epidural hematoma —
these include severe persistent backache; neurological deficit,
including decreased lower limb movement; tenderness over the
spinous process; and unexplained fever. Magnetic resonance
imaging or CT scan can be useful if the diagnosis of epidural
hematoma is in doubt. Early spinal cord decompression reduces
the risk of permanent neurological deficits in cases of epidural
hematoma.

If C/S is needed in a patient with abnormal coagulation, GA is
administered. The risk of GA in the anticoagulated patient
includes airway bleeding. There should be a gentle approach to
laryngoscopy, tracheal intubation, placement of nasopharyngeal
and oral airways, and placement of gastric tubes.

Venous air embolism

Incidence

Venous air embolism is a common occurrence during C/S'** and
vaginal delivery.'”* The incidence of VAE during C/S, as detected
by precordial Doppler monitoring, has been reported to be
10-60%.'°"'% Venous air embolism accounts for approximately
1% of all maternal deaths in the United States.

Etiology/pathophysiology

For VAE to occur there must be vascular access and a gradient
between the incisional area and the right side of the heart.
Subatmospheric venous pressure allows air to be entrained into
the venous circulation. A gradient as small as 5 cmH,0 may result
in entrainment of large amounts of air. The pressure gradient
increases with the height of the venous site above the level of
the heart.

The volume and rate of air entrainment and the site of
embolization determine the outcome from VAE. Other factors
that modify outcome include body position, depth of ventila-
tion, and central venous pressure. Pulmonary edema can
develop following VAE, secondary to increased capillary perme-
ability and/or an increase in hydrostatic pulmonary pressure.

Hypoxemia invariably occurs in clinically significant air embo-
lism primarily due to increased V/Q mismatching. Hypercarbia
can also occur due to an increased alveolar dead space. In
humans, large volumes (more than 3 ml/kg) of air may obstruct
the pulmonary artery and can be fatal, while smaller amounts
may result in a V/Q mismatch, hypoxemia, dysrhythmias, and
hypotension. Venous air embolism produces a compensatory
increase in minute volume during spontaneous ventilation
and may cause a reflex gasp, probably mediated by pulmonary
stretch receptors.

The open uterine vessels during C/S allow easy access of air
into the venous circulation. The risk of VAE (as suggested by
Doppler studies) during C/S, further increases with exterioriza-
tion of the uterus. Furthermore, left uterine displacement, use of
the Trendelenburg position, and hemorrhage all increase the
pressure gradient and thus increase the risk of VAE during C/S.
Some investigators have suggested that the incidence of VAE, is
reduced to 1% when patients are placed in a five-degree reverse
Trendelenburg position during C/S.'”* However, others have
failed to demonstrate this benefit.'*”

In paradoxical air embolism (arterial air embolus via a patent
foramen ovale or through microvascular intrapulmonary shunts)
a small volume of air, as little as 0.025 ml in an animal model,'"®
entering the coronary or cerebral circulation can lead to severe
cardiovascular and neurological sequelae. Rarely, during the
antepartum period, air can be forced through the vagina and
travel through the cervical canal to pass beneath the fetal mem-
branes and enter the circulation via subplacental sinuses result-
ing in severe VAE.'"’

Clinical presentation

Depending on its severity, VAE may go unrecognized or may
present with cardiopulmonary dysfunction (Figure 4.4). Chest
pain and/or dyspnea can occur in approximately 50% of cases
and Sa0, may fall in 25% of cases. Other physical findings include
hypotension, alteration in heart rate (tachycardia and bradycar-
dia), and signs of elevated right-sided pressures. In addition,
wheezing and rales due to acute bronchospasm and pulmonary
edema may occur. Massive air embolism can present as a sudden,
dramatic, and devastating event with hypotension, hypoxemia,
and even cardiac arrest.'”

The clinical diagnosis of VAE may be difficult because it often
mimics other acute cardiopulmonary and cerebrovascular
events. Thus, diagnosis of VAE requires a high level of clinical
suspicion. Venous air embolism should be suspected when
patients complain of chest pain and/or dyspnea, or develop
hypotension, low Sa0,, and dysrhythmias.

Electrocardiographic changes during VAE include bradycardia
or tachycardia, premature ventricular contractions, heart block,
and ST-segment depression. A decrease in SaO, and EtCO, reflect
the abnormal V/Q relationship and increased physiological dead
space that can result from clinically significant VAE. A rise in
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Figure 4.4 Sensitivity of the detection parameters for venous air embolism
with increasing air volume (from Black, S. & Cucchiara, R. F. Tumor surgery. In
Cucchiara, R.F. & Michenfelder, ). D. (eds.,) Clinical Neuroanesthesia. New York:
Churchill Livingstone, 1990, p. 285).

end-tidal concentration of nitrogen, as detected by “RASCAL”
monitors, is specific for air embolism, as is a transient “mill
wheel” murmur, heard during continuous monitoring with an
esophageal or precordial stethoscope. This murmur is described
as a rhythmic churning sound produced by movement of air bub-
bles in the RV and is heard throughout the cardiac cycle.

In high-risk patients, such as patients with intracardiac shunts
and hypovolemia, precordial Doppler monitoring is recom-
mended. Precordial, low-frequency Doppler is a highly sensitive
and readily available method that detects air bubbles as small
as 0.1mL'"” Transesophageal echocardiography (TEE) is most
sensitive in detecting air embolism; however, it requires expen-
sive equipment and interpretation skills. The CXR can
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Table 4.10 Management of venous air embolism during

cesarean birth

Flood surgical field with saline

Position patient 5° head-down and left lateral

Discontinue nitrous oxide

Administer 100% oxygen

Support circulation with intravenous volume expansion and
vasopressor drugs

Aspirate air through a multiorifice CVP line

demonstrate an air fluid level in the pulmonary vessels and is
pathognomonic for VAE."'? Central venous and pulmonary artery
pressures increase and CO decreases with VAE. Abrupt elevations
in pulmonary artery pressure (PAP) accompanied by a fall in
EtCO, are indicative of VAE. However, the sensitivity of PAP
with respect to VAE is similar to that of the EtCO,. Aspiration of
air from the right atrium via the central venous catheter also
indicates the occurrence of VAE and may be therapeutic.
Arterial blood-gas analysis will often show hypoxemia and
hypercarbia.

Management

The management of VAE includes prevention of further air
entrainment by flooding the surgical field with saline and posi-
tioning the patient in the left lateral position with five-degree
head-down tilt (see Table 4.10). This maneuver places the heart
in a dependent position, minimizing the possibility of developing
an airlock and improving venous return. Nitrous oxide should be
discontinued and 100% O, administered. In addition, cardiopul-
monary support includes the use of volume expanders and vaso-
pressors. A large multiorifice central venous catheter with the tip
placed in the right atrium allows aspiration of air and thus pre-
vents or breaks an airlock. In patients with delayed emergence
from anesthesia, CT scan or MRI should be considered to exclude
the presence of intracerebral air.

Amniotic fluid embolism

Amniotic fluid embolism (AFE) is a rare but catastrophic compli-
cation of pregnancy, which presents with sudden hypoxemia,
hypotension, and coagulopathy. The syndrome of AFE was first
described in 1926 by Meyer, who reported the presence of con-
stituents of amniotic fluid in the pulmonary vasculature of a
young woman who suffered fatal cardiopulmonary collapse dur-
ing pregnancy.

Incidence

The reported incidence varies from 1 in 8000 to 1 in 80 000 preg-
nant women. The overall mortality of clinically recognized AFE is
reported to be 37-86% with cardiopulmonary collapse occurring
in most cases. Approximately 25-50% of patients with AFE die
within the first hour of clinical presentation.''"'
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Table 4.11 Pathophysiology of amniotic fluid embolism

e Mechanical obstruction of pulmonary vasculature by particulate
matter:
- fetal squamous epithelium
- mucin
— lanugo hair
e Pulmonary edema due to:
— alveolar capillary leak
— microvascular embolic insult
e Left ventricular dysfunction secondary to:
— arterial hypoxia
— decreased coronary blood flow
— circulatory myocardial depressants
o Release of vasoactive substances eliciting a hemodynamic response:
— pulmonary hypertension
e Anaphylactic shock

Etiology/pathophysiology

Amniotic fluid access to the maternal circulation is essential to
the pathogenesis of AFE. The disruption of the integrity of fetal
membranes, open uterine or cervical veins, and a concomitant
pressure gradient between the amnion and the uterine and cervi-
cal veins sufficient to drive the amniotic fluid into the maternal
circulation, facilitate amniotic fluid access to the maternal circu-
lation. However, it must be emphasized that there is no correla-
tion between the presence of amniotic fluid in the circulation and
the onset of clinical symptoms.''” In a review of cases reported to
the national registry for AFE, the presence of meconium in the
amniotic fluid was associated with a poor prognosis, with no
neurologically intact survivors.''? In this report, out of 46 cases
of AFE, 30 occurred during labor and 13 occurred after C/S or
vaginal delivery. No correlation between hypertonic contractions
and the occurrence of amniotic fluid embolism was found, so the
authors concluded that uterine hyperstimulation was a result
rather than a cause of amniotic fluid embolism.

There are various proposed mechanisms that produce the clin-
ical picture of AFE (see Table 4.11). Pulmonary edema is a com-
mon (70%) presentation in humans with AFE, but is absent in
primates. Left heart failure is a major physiologic aberration in
AFE, but may be preceded by right heart failure. A report of TEE
initiated within 15 minutes of the onset of symptoms of a fatal
AFE confirmed the occurrence of acute, massive right heart fail-
ure and severe pulmonary artery hypertension.''* The specula-
tion that mechanical obstruction is fundamental to the
pathogenesis of AFE has been discounted by autopsy studies
that have shown a poor correlation between the amount of parti-
culate matter and clinical findings. Clark and colleagues sug-
gested that the syndrome of AFE is not consistent with an
embolic event, and the term “amniotic fluid embolism” should
be discarded. This syndrome seems to occur after maternal intra-
vascular exposure to fetal tissue during normal labor, vaginal
delivery, or C/S and should be designated in a more descriptive
manner as anaphylactoid syndrome of pregnancy.''' Clark and
colleagues state that amniotic fluid triggers the release of

Amniotic fluid embolism
(various fetal elements)

Anaphylaxis
(immunoglobin E)

Sepsis
(endotoxin)

\
Endogenous mediator release

Y
Clinical manifestations

Figure 4.5 Proposed pathological relation between embolism, septic shock, and
anaphylactic shock (from Clark, S. L., Hankins, G. D. V., Dudley, D. A. et al. Amniotic
fluid embolism: analysis of the national registry. Am. J. Obstet. Gynecol. 1995;
172: 1158-69).

Release of amniotic fluid
containing substances
(arachidonic acid metabolites?)

Hypoxia, hypotension,

Phase I pulmonary hypertension, cor pulmonale,
left ventricular injury
Left ventricular failure,
Phase II adult respiratory distress syndrome,

consumptive coagulopathy

Figure 4.6 Proposed pathophysiology of amniotic fluid embolism (from
Clark, S. L. Amniotic fluid embolism. Crit. Care. Clin. 1991; 7: 877-82).

maternal endogenous mediators, which results in a clinical
response similar to both anaphylaxis and septic shock, which
suggests a common pathophysiologic mechanism for all of
these conditions (see Figure 4.5).

The coagulopathy associated with AFE is also incompletely
understood. Some in vitro studies have shown that amniotic fluid
has a thromboplastin-like quality, which decreases whole blood
clotting time, induces platelet aggregation, is associated with the
release of platelet factor III and activation of complement and
factor X-activating factor.''”''® In addition, uterine atony caused
by the myometrial depressant effect of amniotic fluid may result in
massive hemorrhage and contribute to a coagulopathy.

The clinical course of AFE may be attributable to the metabo-
lites of arachidonic acid''” since the concentration of these meta-
bolites in amniotic fluid increases during labor. The summation
of many of these findings led Clark to propose a biphasic model
for pathogenesis of AFE that reconciles human and animal
data.''' The model describes the release of amniotic fluid con-
taining vasoactive substances leading to an initial Phase I
response, which lasts for 15-30 minutes and involves hypoxemia,
dyspnea, pulmonary hypertension, cor pulmonale, and LV injury.
A secondary Phase II response includes LV failure, ARDS, and
consumptive coagulopathy (see Figure 4.6).
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Clinical presentation

Most AFE syndromes have been reported during labor. However,
this syndrome has occurred during first and second trimester
abortions,''® and as late as 48 hours postpartum.'"’

The clinical presentation of AFE is generally dramatic, with abrupt
onset of hypoxemia (O, desaturation), dyspnea, and hypotension
with rapid progression to cardiopulmonary arrest. Pulmonary
edema has been observed in 24-70% of cases.''” In 40% of cases,
pulmonary edema is followed by varying degrees of consumptive
coagulopathy, although coagulopathy may be the presenting man-
ifestation in 10-15% of patients. Central nervous system hypoxia
may lead to alterations in mental status with seizures developing in
10-20% of cases. Amniotic fluid embolism may be complicated by
myocardial ischemia and infarction, renal failure, liver damage, and
neurologic deficits. Superimposed renal failure worsens the prog-
nosis. Occlusion of retinal arterioles by amniotic fluid emboli may
occur. These dramatic features may be heralded by nonspecific
symptoms of shivering, anxiety, coughing, vomiting, a sensation of
bad taste in the mouth, and a sense of impending doom.""”

The initial diagnosis is based on the clinical presentation. The
definitive diagnosis is made at autopsy with the finding of fetal
debris in the maternal pulmonary vasculature, generally in the
arterioles and capillaries, but occasionally in the large vessels as
well. Routine hematoxylin-eosin staining may be insufficient to
demonstrate the fetal elements, and special stains such as acid
mucopolysaccharide may be required.

A number of noninvasive methods for the antemortem diag-
nosis of AFE have been suggested, including the use of an anti-
body to human keratin, determination of zinc coproporphyrin
levels in maternal plasma,'“’ and the use of monoclonal antibod-
ies to an amniotic fluid-specific antigen.'*' The sensitivity, spe-
cificity, and positive and negative predictive values of these
methods of diagnosis remain poorly defined. In addition, there
may be no time to perform these tests, due to the catastrophic
nature of this syndrome. Electrocardiographic changes include
nonspecific ST-segment and T-wave changes, atrial or ventricular
rhythm disturbances, RV abnormalities, such as right bundle
branch block, right atrial strain, and right axis deviation.
Changes on CXR include infiltrates, pleural infusion, atelectasis,
or elevation of a hemidiaphragm owing to pneumoconstriction.
Arterial blood-gas measurements may show hypoxemia with a
mixed metabolic acidosis and respiratory alkalosis. Coagulation
abnormalities include decreased fibrinogen and elevated levels of
fibrin degradation products (FDP), prolonged PT, aPTT, and
thrombocytopenia. Ventilation perfusion scans may be useful to
estimate the probability of embolism based on the size of perfu-
sion defect and the presence or absence of matching ventilation
scan and CXR abnormalities.

Patients surviving to receive invasive hemodynamic monitor-
ing generally demonstrate LV dysfunction accompanied by mod-
erate or severe elevations in PAOP, PAP, and PVR and depressed
LV stroke work index.

The presence of anucleate squamous epithelial cells in the
pulmonary microvascular circulation is supportive of AFE.
However, this is no longer considered pathognomonic.

Aggressive cardiopulmonary resuscitation (CPR) is imperative
due to the catastrophic nature of AFE. Supplemental O, should
be provided to treat hypoxemia. If this is insufficient, high con-
centrations of O, with continuous positive airway pressure
(CPAP) increase functional residual capacity. However, mechan-
ical ventilation is usually necessary because of inadequate mater-
nal PaO, and hemodynamic instability. If pulmonary edema
ensues, use of PEEP should be considered.

It is important to maintain left uterine displacement to avoid
aortocaval compression by the gravid uterus during CPR. If
there is no response to advanced CPR within five minutes, C/S
should be performed to optimize the outcome for both mother
and baby.

Hypotension following AFE should initially be treated with
rapid volume administration so as to optimize cardiac preload.
In cases of persistent hypotension, fluid administration should be
titrated to central venous pressure measurements. Placement of a
pulmonary artery catheter is helpful in fluid management and
drug therapy in those patients who develop pulmonary edema.

Coagulopathy associated with AFE may be severe but is usually
self-limiting. Administration of blood components (fresh-frozen
plasma, platelets, packed red blood cells) is often successful.
Esposito and colleagues reported the successful use of cardiopul-
monary bypass and pulmonary artery embolectomy for treat-
ment of postpartum shock caused by AFE.'”” Amniotic fluid
embolism causing intense pulmonary vasoconstriction can be
diagnosed with TEE and treated with cardiopulmonary bypass.

Continuous arteriovenous hemofiltration has been used in a
patient who developed AFE complicated by renal failure after
C/S."** Patients who receive regional anesthesia before the onset
of AFE should be monitored for the development of an epidural
hematoma. Neurologic function should be assessed frequently, as
allowed by the physical condition of the patient. The indwelling
epidural catheter should preferably be removed as soon as possible
but only after correction of the coagulopathy.'**

Miscellaneous emboli

Fat embolism

Pulmonary fat embolism is a pathological entity characterized by
occlusion of pulmonary blood vessels with fat globules that are
too large to pass through the capillary bed. The reported inci-
dence of posttraumatic fat embolism syndrome (FES) in the lit-
erature ranges from 19-29%,'””'?® with a mortality rate of
10-20%.'°" The prognosis in patients with cerebral manifesta-
tions of fat embolism is very poor.

Entry of fat globules into the circulation occurs following skel-
etal trauma, particularly involving the lower extremity long
bones.'*” Fat is detected in pulmonary arterial samples of up to
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70% of patients with long-bone and pelvic fractures. Other causes
of fat embolism include burns, subcutaneous adipose tissue
injury, and acute pancreatitis, sickle-cell crisis during pregnancy,
and acute fatty liver of pregnancy.'*”'*’ The reader is referred to a
review of the subject for more details."”’

Sickle-cell embolism

More than one third of pregnancies in women with sickle-cell
syndromes terminate in abortion, stillbirth, or neonatal death."*
Maternal mortality due to sickle-cell anemia is ~1%, mainly due
to pulmonary embolism and infection."”” In sickle-cell disease
erythrocytes undergo sickling when deoxygenated (see Chapter
17). The sickled cells are elongated and crescent shaped and have
a tendency to form aggregates. The sickling mainly depends on
the presence of abnormal hemoglobin (HbS), which is a hemo-
globin variant (valine replaces glutamic acid in the sixth position
of the beta-chain). Increased sickling occurs when more than 50%
of hemoglobin is HbS. Other factors that affect sickling include
vascular stasis, hypothermia, hypovolemia, and acidosis.
The sickle cells aggregate in the circulation, which can lead to
pulmonary vascular obstruction and pulmonary infarction.
Common with other embolic disorders, patients with sickle-cell
embolism present with respiratory distress, chest pain, hypox-
emia, V/Q mismatch, and pulmonary hypertension. Anesthetic
management includes maintenance of oxygenation, avoidance of
dehydration, acidosis, and vascular stasis.'** Avoidance of aorto-
caval compression is essential even in patients with sickle-cell
trait. One patient died from a massive sickle-cell embolus follow-
ing release of aortocaval compression during C/S at the time of
delivery.'*’

Infectious embolism

Infectious emboli may complicate infection anywhere in the
body. Even a minor infection may produce a major embolic
event. The most common foci are the pelvis, the tricuspid and
pulmonic valves, the abdomen, the veins of the extremities, and
the skin and subcutaneous tissue. Gram-positive, gram-negative,
and anaerobic organisms may be involved and produce some-
what different signs and symptoms. In order for treatment to be
successful, the source of infection must be removed.

Summary

Pulmonary embolism should be suspected in a pregnant women
presenting with acute cardiopulmonary decompensation. With
an increased incidence of DVT in pregnant women, anesthesiol-
ogists need to be aware that these patients are prone to PTE. The
entrainment of small quantities of air into the vascular compart-
ment is a relatively common occurrence, but only larger volumes
of air with sufficiently rapid intravascular entrainment produces
clinically detectable effects. Patients undergoing C/S under re-
gional anesthesia, with their uterus exteriorized and who develop
hemorrhagic hypovolemia are at a high risk of VAE. Amniotic
fluid embolism is usually heralded by a sudden onset of O,

desaturation, respiratory distress, and cardiovascular collapse.
Consumptive coagulopathy and ARDS are the most common com-
plications observed in patients who survive acute AFE. The AFE
syndrome seems to occur after maternal intravascular exposure to
fetal tissue during normal labor, vaginal delivery, or C/S, and
should be designated in a more descriptive manner as anaphylac-
toid syndrome of pregnancy. Early recognition, invasive monitor-
ing, and aggressive management should improve the outcome.

Cystic fibrosis

Epidemiology

Cystic fibrosis (CF) is a lethal genetic disorder with an estimated
incidence of 1 in 3300 for Caucasians, 1 in 8500 for Hispanics,
1 in 15000 for African Americans, and 1 in 32000 for Asian
Americans.'” In the past, CF was seen rarely during pregnancy
but dramatic advances in the management of CF have improved
life expectancy and quality of life, so that more women with CF
are now becoming pregnant. The number of pregnancies
reported to a national CF registry between 1986 and 1990,
doubled from 52 to 111."%°

Pathophysiology

Cystic fibrosis is inherited in an autosomal recessive pattern.
The gene responsible for CF is located on the long arm of
chromosome 7 that encodes an epithelial cell membrane protein
known as the cystic fibrosis transmembrane regulator
(CFTR)."*""® This is a complex chloride channel found in all
exocrine tissues.'*’

Mutation of the CFTR gene causes a defect in the CFTR. This
results in altered epithelial cell membrane transport of elec-
trolytes in all organs that express CFTR. These include the
respiratory, gastrointestinal, and reproductive tracts; the pan-
creas; and the liver. Defective epithelial transport of electrolytes
produces abnormal secretions that result in a multisystem dis-
order that particularly affects the respiratory and gastrointestinal
systems. '’

More than 1000 mutations have been discovered.'*’ The most
common mutation results in deletion of phenylalanine at posi-
tion 508 (AF508) of the CFTR. Homozygosity for AF508 manifests
in one of the most severe forms of CF."*' Phenotypic expression of
CF, however, is variable.'*”

Clinical features

Cystic fibrosis commonly presents as a respiratory disease.
Abnormal mucous secretions within the respiratory system result
inincreased adhesiveness of, and difficulty in clearing, secretions,
which then cause small airways obstruction. Chronic airway
obstruction and mucus retention lead to airway colonization
and chronic infection, the most common pathogen being
Pseudomonas aeruginosa. The chronic inflammation that ensues
causes progressive tissue damage and subsequent fibrosis,
bronchiectasis, and distal hyperinflation. This, together with

89



1 Cardiovascular and respiratory disorders

| Abnormal secretion |

I /

| Small airway obstruction |

i

| Airway colonization |

4

Figure 4.7 Cardiorespiratory
effects of cystic fibrosis.

Mucus retention

| Chronic infection and inflammation |

A

HEMOPTYSIS H Bronchiectasis | | Fibrosis | | Hyperinflation |—>| PNEUMOTHORAX

\"/

=I Ventilation-perfusion mismatching |

A

| PROGRESSIVE RESPIRATORY FAILURE |

/
| CHRONIC HYPOXEMIA |

4

| PULMONARY HYPERTENSION |

y
| COR PULMONALE |

small airway obstruction, gives rise to V/Q mismatching, which
can lead to hypoxemia (see Figure 4.7).

Respiratory manifestations of CF usually start with a recurrent
cough that gradually becomes persistent and productive. Over time
airway hyperactivity becomes a common finding and pulmonary
function testing reveals an obstructive pattern. With advanced dis-
ease progressive respiratory failure occurs. Lung hyperinflation
predisposes to spontaneous pneumothorax and bronchiectasis
causes hemoptysis, which can be massive. Pulmonary hyperten-
sion secondary to chronic hypoxemia and subsequent RV dysfunc-
tion (cor pulmonale) appear as late sequelae (see Figure 4.1).

Exocrine gland dysfunction involving the pancreas is common
and leads to maldigestion, malabsorption, and insulin-depen-
dent diabetes mellitus. Subacute intestinal obstruction can also
occur.'*>'** In late disease, biliary cirrhosis and portal hyperten-
sion may occur, with abnormalities of hepatic function, hypoal-
buminemia, and jaundice.

Abnormal cervical mucous production leads to female subfer-
tility. In the male, obstructive azoospermia involving the vas
deferens is a frequent cause of infertility.

The clinical diagnosis of CF is based on the presence of chronic
obstructive lung disease before age 20, exocrine pancreatic
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insufficiency, and a family history of CF. Laboratory measure-
ments of sweat chloride concentrations greater than 60 mEq/l
assist with the diagnosis. DNA testing to isolate the specific
gene mutation confirms the diagnosis.

Treatment

Respiratory management of CF is primarily symptomatic, with
postural drainage for patients with copious mucus production,'*’
and bronchodilators for those with a reversible component of
airway obstruction.'*® Mild infectious exacerbations may be trea-
ted with oral antibiotics. Inhaled tobramycin and colistin have
been used to manage respiratory infections with Pseudomonas
aeruginosa,”'” and may be added to oral antibiotic treatment of
milder infectious exacerbations. However, a severe acute respira-
tory infection warrants immediate hospitalization and aggressive
therapy with i.v. antibiotics.'*® It is common practice to admin-
ister antibiotics continuously in order to prevent recurrence, but
there are insufficient data to support this practice. Patients with
chronic hypoxemia and cor pulmonale may benefit from contin-
uous O, therapy.

Other forms of therapy include inhaled recombinant human
deoxyribonucleases to reduce sputum viscosity,'*”'* lung trans-
plantation (for patients with end-stage disease),’”"'">'>* and
gene therapy.'”" Current approaches to gene therapy include
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the transfer of the normal CFTR gene to airway epithelium using
viral or nonviral carriers.'>" 7717

Maintenance of adequate nutritional intake is important in the
management of patients with CF. Pancreatic insufficiency
requires replacement therapy with lipase, protease, and amylase
enzymes to prevent malabsorption.

Cystic fibrosis and pregnancy

Effect of pregnancy on cystic fibrosis

A 1980 report by Cohen and colleagues'”” found that 18% of
pregnant women with CF died within two years of delivery.
More recent reports indicate that pregnancy does not affect
CF. McMullen and colleagues found that, over the same time
period, women with CF who became pregnant experienced
similar respiratory and health trends as nonpregnant CF
women. However, pregnant women used a greater number of
therapies and received more intense monitoring of their
health.'”® Geddes emphasized that lung function appears to be
the most significant determining factor of outcome in pregnant
women with CF."” FEV, decreases similarly in both nonpreg-
nant CF women and pregnant CF women.'**

Effect of cystic fibrosis on pregnancy

Preterm labor is markedly increased (as high as 45%) in mothers
with CF, 29169161162 pogsibly due to poor maternal nutrition and
chronic hypoxemia. Preterm labor most commonly occurs in
mothers with severe disease. Edenborough and colleagues'®'%*
reported a substantial risk of preterm delivery in women with a
prepregnancy FEV, of less than 60% of predicted. Because of the
increased rate of preterm delivery, the perinatal mortality rate is
also high.'®*

Antepartum management

Patients should be reviewed throughout pregnancy by a multi-
disciplinary team, which includes the pulmonologist, obstetri-
cian, physiotherapist, nutritionist, and anesthesiologist.
Involvement of an anesthesiologist should not be confined
to the peripartum period. Regular assessment of the cardio-
respiratory system detects deterioration resulting from the
changing demands of pregnancy. Good bronchial toilet, early
involvement of physiotherapy, maintenance of CF medica-
tions, and vigorous treatment of respiratory infections are
mandatory.

It is important to assess and maintain optimal nutritional sta-
tus during pregnancy, which may necessitate enteral feeding.
Pancreatic function should be evaluated, pancreatic enzyme sup-
plementation maintained, and diabetes mellitus closely con-
trolled. One study has shown that pregnant CF women have
decreased insulin sensitivity and a predisposition to early devel-
opment of diabetes and poor weight gain.'®®

Venous access may be difficult if there have been multi-
ple admissions to hospital for parenteral therapy, and a long-
term subcutaneous infusion device may be helpful (see
Table 4.12).

Table 4.12 Intrapartum and regional anesthetic management

for parturient with cystic fibrosis

Discuss with multidisciplinary team (includes obstetric and nursing
teams)

Ensure good intravenous access

Continue all cystic fibrosis medications

Continue active physiotherapy

In patients with diabetes mellitus, check blood glucose regularly and
maintain tight control

Avoid dehydration

Monitor Sa0O, and administer humidified oxygen as indicated

Establish labor epidural analgesia early, using a weak bupivacaine
solution with opioid supplementation, and dose slowly and
incrementally aiming for a T8 upper sensory level

Employ elective assisted delivery to minimize cardiorespiratory stress

Use epidural anesthesia for cesarean section, if possible, and dose
slowly and incrementally aiming for a T6 upper sensory level

Intrapartum management

General principles of management

Discussion among the pulmonologist, obstetrician, and anesthe-
siologist allows early formulation of a labor and delivery plan that
is based on the severity of the disease, obstetric indications, and
the patient’s wishes. Preanesthetic assessment of the patient
should be made at an early stage. The parturient should be care-
fully assessed with particular reference to her pulmonary condi-
tion, nutritional status, and diagnostic investigations. Options for
labor analgesia and C/S should be addressed early.

Continuous Sa0, monitoring should be established, and humid-
ified O, administered if the Sa0O, falls below 94%. Direct arterial
pressure monitoring is useful if cardiorespiratory function deteri-
orates. Cor pulmonale can be confirmed by echocardiography.
Central venous pressure plus pulmonary artery monitoring is indi-
cated when pulmonary hypertension or heart failure is suspected.

Other factors to consider during the peripartum period include
maintenance of hydration, continuation of CF medications, and
monitoring insulin requirements in those women with diabetes
mellitus.

Valsalva maneuvers in the second stage risk a pneumothorax in
women with CF, so assisted delivery reduces the cardiorespiratory
demands of delivery and the risk of pneumothorax. Deterioration
in maternal or fetal status may require rapid delivery by C/S.

Anesthetic management during labor
Considerations regarding anesthetic management center on
maintaining optimal cardiorespiratory function. Adequate pain
relief during labor prevents hyperventilation associated with
labor pain. Hyperventilation increases work of breathing and
may cause decompensation in women with severe pulmonary
dysfunction.

Nitrous oxide for analgesia is not recommended given the
increased risk of barotrauma due to air trapping. Parenteral
opioid analgesia may worsen pulmonary function by depressing
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respiratory drive and inhibiting cough. Intrathecal opioids have
been used for first stage of labor,'°° but patients should be mon-
itored for respiratory depression. Pain in the second stage can be
more difficult to control and may require the use of local anes-
thetic nerve blocks.

Continuous lumbar epidural analgesia can provide excellent
pain relief and has been used in women with CF.'°"'0%1%9 A
high thoracic motor block, which may impair the parturient’s
ability to cough and eliminate thick secretions, must be avoided.
Use of dilute solutions of bupivacaine with opioid supplementa-
tion, and slow, incremental administration will keep the upper
sensory level below T8. When there is evidence of heart failure,
fluids should be administered carefully with CVP/PCWP
monitoring.

Anesthetic management for cesarean section

In parturients with CF, no differences in outcome have been
documented between general and regional anesthesia for C/S.
The choice between general or regional techniques should be
made on the basis of individual circumstances, taking into
account the risks and benefits of each technique. When there is
evidence of heart failure, fluid administration should be titrated
against the central venous pressure.

Endotracheal intubation with GA may provoke bronchospasm,
and positive pressure ventilation may lead to barotrauma. If GA is
elected, the following should be considered: (1) the patient
should receive 100% O, prior to intubation for a longer period of
time to produce effective denitrogenation; (2) employ techniques
to reduce the risk of bronchospasm during endotracheal intuba-
tion; (3) humidify anesthetic gases to prevent inspissation of
mucus; (4) use positive-pressure ventilation with adequate tidal
volumes and frequent suctioning to minimize the risk of atelec-
tasis and collapse; (5) adjust ventilator settings to allow an appro-
priately long expiratory phase to prevent air trapping and reduce
the risk of barotrauma; (6) maintain oxygenation with an ade-
quate inspired O, concentration and avoid nitrous oxide because
of the risk of air trapping (see Table 4.13).

Regional anesthesia offers the advantage of avoiding endotra-
cheal intubation with its associated risks. However, a high

Table 4.13 General anesthetic management for parturient

with cystic fibrosis

Preoxygenate with 100% for a longer period of time to produce
effective denitrogenation

Humidify anesthetic gases to prevent inspissation of mucus

Employ techniques to reduce the risk of bronchospasm during
endotracheal intubation

Institute positive pressure ventilation with adequate tidal volumes and
frequent suctioning to minimize the risk of atelectasis and collapse

Adjust ventilator settings to allow for an appropriately long expiratory
phase to prevent air trapping and reduce the risk of barotrauma

Maintain oxygenation with an adequate inspired oxygen
concentration

Avoid nitrous oxide because of the possibility of air trapping
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thoracic motor block, which may impair ventilation and the abil-
ity to cough, must be avoided. This can be achieved by using a
continuous catheter technique to titrate epidural or spinal agents,
and by slow, incremental administration of local anesthetic solu-
tion. It is prudent to aim for an upper sensory level of T6 to lessen
the risk of respiratory embarrassment. Using this approach the
successful administration of epidural anesthesia in a parturient
with CF has been reported.'”” Some patients may not tolerate
lying flat, in which case regional anesthesia is best avoided.

Single-shot spinal anesthesia produces a dense motor and sen-
sory block that is difficult to control and is of very rapid onset. In
the patient with more severe respiratory disease, this sudden high
block may precipitate a respiratory crisis. For these reasons this
technique is not recommended. A CSE technique with a low
intrathecal dose may be a suitable alternative.

Following C/S, these patients require close attention to ensure
stability of hemodynamic and pulmonary function. An early
return to full mobility should be encouraged and adequate pain
relief is important in achieving this. Postoperative analgesia
can be achieved with parenteral or neuraxial techniques in
conjunction with NSAID therapy. Clinical respiratory status
must be monitored regularly to detect opioid-induced respiratory
depression.

summary

Cystic fibrosis is a rare inherited disorder, which can coexist with
pregnancy. Abnormal mucous secretions within the respiratory
system may lead to difficulty in clearing secretions and small
airways obstruction. Respiratory management of CF includes
postural drainage and bronchodilators. Recent reports indicate
that pregnancy per se does not affect CF; however, the incidence
of preterm labor is increased in mothers with CF. Women with CF
should be managed by a multidisciplinary team, and a plan for
labor and delivery should be based on the severity of the disease.
Continuous lumbar epidural analgesia has been used success-
fully in women with CF and no differences in outcome have been
documented between general and regional anesthesia for C/S.
The choice between general or regional techniques should be
made on an individual basis, taking into account the risks and
benefits of both techniques.

Pneumothorax

Introduction

Pneumothorax is rare in pregnancy and about 50% of cases are
secondary to identifiable risk factors (see Table 4.14). Primary
pneumothorax (PP) occurs in the absence of an identifiable risk
factor. However, PP may occur in women with unrecognized lung
disease, as evidenced by CT studies. In these patients, pneu-
mothorax probably results from rupture of subpleural blebs,'”’
especially with the increased respiratory demands of pregnancy.
Pneumothorax can occur at any time during pregnancy, although
half occur during the first and second trimesters while the
remainder occur during the third trimester.' "
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Table 4.14 Causes of secondary pneumothorax

Respiratory tract infection
Asthma

Prior history of pneumothorax
Cocaine abuse

Hyperemesis gravidarum
Histoplasmosis

Tuberculosis
Lymphangiomyomatosis
Alpha, antitrypsin deficiency
Chest trauma

Iatrogenic

Clinical features

Patients usually complain of a sudden onset dyspnea and pleur-
itic chest pain. The severity of symptoms is primarily related to
the volume of air in the pleural space, with dyspnea being more
prominent if the pneumothorax is large. A large pneumothorax is
associated with tachypnea, tachycardia, ipsilateral diminished
breath sounds with hyperresonant percussion, and hypoxemia.
When hypotension is present, tension pneumothorax must be
considered. Reliance on classic clinical findings, however, may
lead to misdiagnosis. Chest pain and dyspnea may be attributed
erroneously to other causes.

Definitive diagnosis is by chest x-ray. The fetus is not at sub-
stantial risk from radiation when a chest x-ray is performed with
the maternal abdomen shielded. The estimated dose of radiation
to the uterus in this setting is 1 mrad per examination.

Acute management of pneumothorax

Maternal O, consumption is increased 20% during pregnancy.
Any additional respiratory stress may rapidly induce hypoxemia,
which can jeopardize the fetus.'”” Therefore, all pregnant patients
with pneumothorax should be hospitalized regardless of the size
of the pneumothorax, and oxygen administered while continu-
ously monitoring O, saturation.

Treatment criteria for the management of pneumothorax in
pregnant patients are similar to those for nonpregnant patients.
For unstable patients, (e.g. women with tension pneumothorax
and hemodynamic compromise), immediate tube thoracostomy
is necessary (see Figure 4.8). Needle aspiration may precede
tube thoracostomy as a life-saving measure.'”* A stable pneu-
mothorax, which occupies less than 15% of the hemithorax, can
be managed with observation and administration of supplemen-
tal O, (see Figure 4.8). The rate of air reabsorption is markedly
increased with supplemental O,.

For patients with stable PP greater than 15%, catheter aspiration
will suffice since both aspiration and tube thoracostomy have been
associated with similar rates of success and recurrence (see
Figure 4.8).'”"'" Catheter aspiration is typically accomplished by
passing an 8-French catheter into the pleural space over an
18-gauge needle. Following an adequate period of observation and
radiographic confirmation of lung expansion the patient can be

discharged from hospital. If a leak persists despite aspiration, tube
thoracostomy should be performed. Women with failed tube thor-
acostomy, or those with recurrent PP following successful aspiration
or tube thoracostomy, should receive definitive treatment using
thoracoscopy, bleb resection, and pleurodesis (see Figure 4.8).
Thoracoscopy is effective in the prevention of recurrence.' "

For patients with stable secondary pneumothorax >15%, initial
treatment consists of tube thoracostomy since aspiration is less
likely to be successful. Definitive therapy using thoracoscopy
with bleb resection and pleurodesis is then performed to prevent
recurrence. Thoracoscopy with bleb resection and pleurodesis is
also indicated for failed tube thoracostomy.

Thoracotomy with bleb resection and pleurodesis has been the
traditional approach to definitive treatment; however, thoracot-
omy confers maternal and fetal risks of major surgery, significant
postoperative pain, prolonged recovery,'’® and greater mortality.
Consequently, thoracoscopy is increasingly replacing thoracot-
omy for definitive treatment, and has successfully been used in
pregnant patients with pneumothorax.'”"' "

For persistent or recurrent pneumothorax during pregnancy,
some have advocated conservative management using long-term
chest drainage, while delaying definitive treatment until after
delivery.'”” However, long-term chest drainage predisposes to
empyema, pain, and immobility.

Intrapartum management of pneumothorax

Oxygen consumption is increased 50% during labor. If a parturi-
ent presents with pneumothorax during the intrapartum period,
the additional respiratory stress can readily lead to hypoxemia
and risk fetal compromise. Therefore, O, is administered while O,
saturation is continuously monitored, and treatment of the acute
episode is as described earlier.

Epidural analgesia is highly recommended at an early stage in
labor because it dramatically reduces maternal O, demand and
can be used for C/S if the need arises. For a vaginal delivery, an
elective assisted delivery is recommended. One wants to avoid
having the woman push, because increased intrathoracic pressure
from expulsive efforts can aggravate the pneumothorax. For C/S,
regional anesthesia is highly desirable and GA should be avoided, if
possible. When GA is unavoidable, increased minute volumes may
be required to maintain adequate ventilation in the presence of a
continued leak when a thoracotomy tube is present. Airway pres-
sures should be kept as low as possible to minimize air leak, and
nitrous oxide should be avoided.

Labor epidural analgesia and assisted delivery are recom-
mended for patients with an antepartum history of pneu-
mothorax who have not received definitive surgical therapy,
since expulsive efforts during the second stage of labor can lead
to recurrence.'’®'”? In such patients, regional anesthesia is
recommended for C/S. If GA is unavoidable, similar precautions
are taken as previously outlined.

Patients with definitive surgical therapy during pregnancy
may be allowed to attempt spontaneous vaginal delivery. Again,
regional anesthesia for C/S is preferable in these women,
although, if required, GA can be administered safely.
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Figure 4.8 Acute management of pneumothorax.

Miscellaneous respiratory disorders

Tracheal stenosis

Tracheal stenosis can be idiopathic or secondary to previous
trauma. In nonpregnant patients, signs of upper airway obstruc-
tion are absent until 75% narrowing occurs. However, during
pregnancy, airway engorgement can increase the severity of pre-
existing tracheal stenosis.'®’ Parturients with uncorrected steno-
sis will not tolerate the increased ventilatory demands of labor.
Sutcliffe et al. described a patient with uncorrected tracheal ste-
nosis who underwent uneventful C/S under regional anesthesia
but died postpartum from airway obstruction.'”’

Management options for tracheal stenosis include balloon dila-
tion, tracheal stenting, laser excision, or tracheal resection with
reconstruction.'® Persistent obstruction despite the aforemen-
tioned interventional methods may warrant tracheostomy.
Regional anesthesia avoids instrumentation of the trachea and
has been utilized for labor analgesia.'®” Mask-inhalation induc-
tion with sevoflurane has been used for operative delivery in a

parturient with tracheal stenosis.'*’

Congenital central hypoventilation syndrome

Congenital central hypoventilation syndrome (CCHS) stems
from failure of autonomic control of breathing and manifests

94

with hypoventilation and hypoxia primarily during sleep.'®’

These patients have negligible or absent ventilatory sensitivity
to hypoxia and hypercapnia.'®” If left untreated, chronic hypoxia
can lead to pulmonary hypertension and, eventually, cor pulmo-
nale. Although the etiology is unknown, there is considerable
evidence to support a genetic mechanism.'®>'®” The diagnosis
of CCHS is one of exclusion. Most patients require lifelong venti-
latory support during sleep, while a few patients require such
support 24 hours a day. Options for ventilatory support include
positive-pressure ventilation via tracheostomy, positive-pressure
ventilation via nasal or face mask, bilevel positive airway pressure
(BiPAP), or diaphragmatic pacing.'®’

Endogenous progesterone levels are raised during pregnancy.
Although progesterone is a respiratory stimulant that increases
central chemoreceptor sensitivity, no improvement in ventilatory
response to hypercapnia has been demonstrated during preg-
nancy.'® Of all the options for ventilatory support, diaphragmatic
pacing has been used successfully during pregnancy, despite the
potential for diaphragmatic impairment from uterine growth.
However, parturients must be closely monitored with regular poly-
somnograms to assess the need for adjustments in pacer settings.

The use of epidural anesthesia for C/S has been described in
parturients with CCHS treated with diaphragmatic pacing. In such
patients, all central nervous system depressants must be avoided.
Furthermore, following C/S, incisional pain often prevents the use
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of diaphragmatic pacing during which time BiPAP ventilation is
utilized until diaphragmatic pacing can be resumed.

Pulmonary lymphangioleiomyomatosis

Pulmonary lymphangioleiomyomatosis (LAM) is characterized
by the hamartomatous proliferation of smooth muscle of the
pulmonary bronchioles, arterioles, and lymphatic vessels result-
ing in cystic degeneration of lung tissue with variable progressive
loss of pulmonary function.'® Rupture of peripheral lung cysts
can lead to pneumothorax, which is a common presenting fea-
ture.'”’ Disruption of pulmonary lymph drainage can lead to
chylous pleural effusions. Extrathoracic manifestations include
chylous ascites; hepatic and renal angiomyolipomas; and uterine
leiomyomas.' "'

There is no curative treatment for this condition, although
hormonal therapy appears promising.'”’ Supportive therapy
includes standard treatments for obstructive lung disease and
pneumothorax. Advanced disease may require lung transplanta-
tion.'”* A small pneumothorax can be managed conservatively
but there is the risk for recurrence. A large or symptomatic pneu-
mothorax requires intercostal drainage followed by definitive
therapy (see earlier).

Epidural analgesia should be utilized during labor to minimize
fluctuations in intrathoracic pressure during painful contractions
and to facilitate emergency C/S without the need for GA.'®
Assisted vaginal delivery is preferable to avoid high intrapleural
pressures associated with pushing, especially in parturients with
a history of surgically untreated pneumothorax. Regional
anesthesia has been used successfully for C/S in parturients
with LAM."® General anesthesia has been used for emergency
C/S and in these situations it is advisable to avoid nitrous oxide.

Interstitial lung disease

Interstitial lung disease (ILD) is characterized by varying degrees
of inflammation and fibrosis resulting in loss of alveolar-capillary
units and lung volumes, with subsequent development of chronic
hypoxemia and pulmonary hypertension. A variety of disorders
canresultin ILD and these include idiopathic pulmonary fibrosis,
sarcoidosis, hypersensitivity pneumonitis, drug-induced alveoli-
tis, and connective tissue disorders.'” During pregnancy, basal
atelectasis from the elevated diaphragm and increased O,
consumption increase V/Q mismatching and can worsen
hypoxemia.

Management of parturients with ILD includes baseline pul-
monary function testing; careful monitoring; and aggressive
treatment of underlying disease and superimposed infections.
Central hemodynamic monitoring should be reserved to optimize
fluid management and to monitor cardiac function in those with
significant pulmonary hypertension and for those with severe
hypoxemia. Anesthetic management should emphasize pain
management in order to reduce O, consumption, and this is
achieved with neuraxial anesthesia. Neuraxial anesthesia has
been used successfully for labor analgesia and C/S in women
with ILD."”” General anesthesia can be associated with prolonged
postoperative mechanical ventilation.

Summary

Respiratory disorders in pregnancy have the potential to worsen
with the physiologic and hormonal stresses that occur. It is
important for obstetric anesthesiologists to see these women
early in pregnancy and to review any special investigations that
have been performed. Timely consultation with pulmonologists
and perinatologists is important in providing the best anesthetic
care to pregnant women with pulmonary disease.
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SECTION 2: MUSCULOSKELETAL DISORDERS

MYOPATHIES

Chantal Crochetiere

Introduction

Myopathies are diseases of the skeletal muscle cell with intact
innervation." The hereditary myopathies are the muscular dys-
trophies, congenital myopathies, metabolic myopathies, inflam-
matory myopathies, and disorders of muscle membrane
excitability. Pregnant women with a myopathy have specific
needs depending on the symptoms and severity of the disease.
Exacerbation of muscle weakness is common, especially in the
third trimester. This decreased muscle strength may not be able
to compensate for the high demands of labor and delivery.
Pregnancy may occasionally uncover a disease that was pre-
viously asymptomatic. Multidisciplinary consultation early in
the pregnancy is important for a successful outcome.

Hereditary myopathies (see Table 5.1)

Muscular dystrophy

Muscular dystrophy is a major cause of progressive weakness and
wasting of the musculature of the limbs and trunk. It usually can be
differentiated from a neuropathy by the involvement of the proximal
muscle, the absence of sensory disturbances, and abnormalities of
the electromyogram, muscle biopsy, and DNA studies. Muscular
dystrophies are the result of a primary genetic defect, which is
specific to each type. Inheritance is due to a dominant, a recessive,
or a sex-linked gene, or a muscular dystrophy may arise by the
occurrence of a mutation. Classification is based on historic descrip-
tions or clinical similarities. Since oculopharyngeal dystrophy has an
onset in the fifth or sixth decade it will not be discussed here.

Duchenne, Becker, and Emery-Dreifuss muscular
dystrophies
Duchenne, Becker, and Emery-Dreifuss muscular dystrophies are
sex-linked disorders affecting males and they are now classified
as dystrophinopathies. These three diseases are amenable to
carrier detection and prenatal diagnosis by DNA analysis.
Female carriers usually show no clinical signs but on occasion
may manifest minor features or even slight or more severe
degrees of weakness.””" In a series of 56 carriers of Duchenne
or Becker dystrophy, most were asymptomatic but 18% had car-
diac abnormalities. Most of those with cardiac abnormalities
showed only borderline abnormalities and the majority were
older (>45 years). Echocardiography was abnormal more fre-
quently than electrocardiogram (EKG). The prevalence of skeletal-
muscle weakness in the same series was 12%.”

In conclusion, itis important to realize that there is no apparent
correlation between the presence of skeletal-muscle involvement

and cardiac abnormalities. It is recommended that all carriers
have ECG and echocardiography every five years. Symptomatic
female carriers for Duchenne may be difficult to distinguish clini-
cally from limb-girdle muscular dystrophy.® Female carriers of
Emery-Dreifuss muscular dystrophy without muscular involve-
ment may also experience cardiac impairment (conduction
defects or cardiomyopathy) and a pacemaker may be lifesaving.'

Myotonic dystrophy (dystrophica myotonia = myotonia
atrophica = Steinert myopathy)
Myotonic dystrophy is the most frequent inherited muscular dis-
order among adults,” the incidence of the gene is 13.5:100 000 and
the prevalence of the disease is 5:100000.” It is an autosomal
dominant transmitted disease with variable expression.
Although myotonic dystrophy usually begins in early adult life, a
congenital form is described. Prevalence is equal between the
sexes, but pathological changes may be more obvious in males.'’
Progressive distal-limb muscle weakness and wasting, failure of
muscles to relax after a forceful contraction (myotonic hand-
shake) and weakness of facial muscles'' are the major distin-
guishing features. Myotonia is the most common finding on
physical examination but is often a relatively insignificant com-
ponent in relation to other features of the syndrome. Percussion
myotonia may be present when the grasp response is not found.
Severe atrophy of the temporalis and sternocleidomastoid mus-
cles appears early and leads to typical facies.'” Diagnosis is made
by family history and physical examination, and confirmed by
electromyography and muscle biopsy. Myotonic dystrophy is a
multisystem disease (see Table 5.2) and involves smooth as well
as striated muscle.”'*'* It is divided in two subgroups: Type 1 and
Type 2. Myotonic dystrophy Type 2 is clinically similar to Type 1
(myotonia, distal weakness, frontal baldness, cataracts, infertility,
and cardiac dysrhythmia) but less severe (less dementia, hyper-
somnia, and diabetes)."”

Myotonic dystrophy and pregnancy Many case reports of
myotonic  dystrophy  during pregnancy have been
described.'"'#10:171819.2021 Eertility in women with myotonic
dystrophy is not reduced except in those severely affected.””
Pregnancy does not usually affect the long-term course of the
disease.” Temporary exacerbation of myotonia and muscle
weakness may occur during the third trimester'' with rapid
improvement after delivery. Deterioration may be related to pro-
gesterone levels” or may be attributed partly to inactivity.'' In
many women, symptoms are first noticed during pregnancy,”* or
the disease may be diagnosed for the first time after the birth of a
child affected with the congenital form.'***
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2 Musculoskeletal disorders

Table 5.1 Hereditary myopathies

. Muscular dystrophy

—

e Myotonic
e Facioscapulohumeral
e Limb-girdle
e Scapuloperoneal
e Congenital
2. Congenital myopathies
e Central core
e Mini core
e Nemaline
e Myotubular
e King-Denborough
3. Metabolic myopathies (disorders of muscle energy metabolism)
e Glycogen storage and glycolytic defects
e Disorders of lipid metabolism
4. Disorders of muscle membrane excitability
e Calcium channel disorders of muscle (hypokalemic periodic
paralysis)
e Sodium channel disorders of muscle

Hyperkalemic periodic paralysis

Paramyotonia congenita

Potassium aggravated myotonia (sodium channel myotonia)

Chloride channel disorders of muscle (myotonia
congenita)

Table 5.2 Clinical features of myotonic dystrophy

e Mild mental retardation
e Alopecia
e Blepharo-conjunctivitis
e Cataract (presenile)
e Nasal voice
e Dysarthria
e Respiratory system:
e atrophy of respiratory muscles
e central sleep apnea’
e aspiration pneumonia
e Cardiac system:
e cardiac conduction defects
e atrial dysrhythmias
o relative hypotension'®
e cardiomyopathy
e Digestive system:
e abnormal swallowing
e incoordination of upper esophageal sphincter
e decreased tone in the lower esophageal sphincter
e dilated stomach and delayed gastric emptying
e intestinal pseudo-obstruction*
e Endocrine system:
e abnormalities of glucose metabolism
e gonadal atrophy in males
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Table 5.3 Myotonic dystrophy - obstetrical complications

Spontaneous abortion
Polyhydramnios

Premature labor

Abnormal presentation
Cesarean delivery
Prolonged first stage (?)
Inability to bear down
Uterine atony

Retained placenta

Placenta previa and accreta

e o o o o o o o o o o

Increased incidence of neonatal death

Some authors™ have described inadequate uterine contrac-
tions in the first stage of labor while others””** observed a normal
or shorter course of labor with the usual response to oxytocin. The
parturient with myotonic dystrophy has a high incidence of
obstetrical complications that may require anesthetic assistance
(see Table 5.3).

Premature labor, with or without polyhydramnios, is common.
Prolongation of pregnancy in these women is important from the
fetal point of view, since most preterm babies with congenital
myotonic dystrophy require ventilatory support whereas term
babies are less affected (50% require ventilation).”® Tocolytic
therapy may delay delivery for 24 to 48 hours, which allows
administration of a glucocorticoid to accelerate fetal lung matur-
ity. Nifedipine appears to be more effective than ritodrine as a
tocolytic agent and has a lower incidence of adverse hemody-
namic and metabolic changes, so is now the first-line tocolytic
agent.”” Nifedipine is a potent smooth-muscle dilator and unlike
verapamil has little negative inotropic effect.”” Calcium channel
blocking drugs decrease anesthetic requirements by 25%.””
Verapamil has precipitated respiratory failure in a patient with
Duchenne muscular dystrophy.”” Skeletal-muscle weakness is
listed as a less common side effect of nifedipine.””

In cases of premature labor, bed rest, hydration, indomethacin,
and possibly epidural analgesia should be tried first. If needed,
the smallest dose of nifedipine should be used with caution under
ECG monitoring and muscle-strength evaluation. If the patient
requires general anesthesia, all anesthetic drugs should be care-
fully titrated.

Preeclampsia in myotonic dystrophy has been reported.'”
Magnesium sulfate (MgSO,) may increase muscular weakness
in patients with this disorder. Those who require MgSO, should
be examined frequently and the MgSO, infusion maintained to
provide the lowest therapeutic serum level in order to avoid
respiratory compromise.

Congenital myotonic dystrophy Congenital myotonic dystrophy
is the most severe form of the disease and it has a high mortality
rate.”' Itis transmitted solely by an affected mother*” who may be
asymptomatic.”* The risk of having an affected child with the
congenital form is 10%, increasing to 40% if a previous child was
affected.”” Older women have more severely affected children.”
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The most characteristic symptoms during pregnancy are reduced
fetal movements and polyhydramnios, caused by impaired fetal
swallowing.”'*° It is also associated with nonimmune hydrops
fetalis.”®*” The neonate has severe generalized hypotonia and
weakness without myotonia, difficulties in breathing, sucking,
and swallowing,”****" but there is a gradual improvement after
the neonatal period. Unfortunately, children who survive are
mentally retarded and later develop the underlying disease,
which is gradually progressive.

Genetic counseling of affected individuals prior to pregnancy is
important. The abnormal gene is localized on chromosome
19°*"" in Type 1, and chromosome 3 in Type 2. Carrier and
prenatal detection can be performed.””*' Subsequent genera-
tions manifest the disease more severely and at an earlier age.
This phenomenon, called anticipation, is a unique feature of
myotonic dystrophy."”

Myotonic dystrophy, pregnancy, and anesthesia Several cases
have been described in the obstetric anesthesia litera-

49,44,45,46,47,48,49,50.51 patients with established myotonic dys-

ture.
trophy may not be the ones at greatest risk, but rather those with
mild disease or undiagnosed individuals.”> Many of the latter
patients may be unaware of, or fail to mention, their muscle
symptoms.””

Respiratory and cardiac involvement should be -carefully
assessed since many patients have serious cardiac involvement.”
The severity of cardiac disease does not parallel that of the skeletal-
muscle disease. Most cardiac problems are due to involvement of
conducting tissue.”” Conduction abnormalities include first-
degree AV block, intraventricular conduction defects, and bundle
branch block. Dilated cardiomyopathy is uncommon”>°° and
cardiac decompensation secondary to anesthesia”’ or pregnancy
occasionally occurs.”®”? Preoperative investigations should
include an EKG, even in the asymptomatic patient; Holter moni-
tor; echocardiogram; chest x-ray; pulmonary function tests; and
room-air blood gas analysis. Pulmonary function abnormalities
include: reduced vital capacity, total lung capacity, and peak
expiratory pressure. The diaphragm may move abnormally, and
intercostal muscles are myotonic.”’ It has been suggested that
a vital capacity of one liter is the minimum functional require-
ment necessary to maintain a successful pregnancy.®' Invasive
intraoperative monitoring depends on American Society of
Anesthesiologists (ASA) physical status and the anesthetic con-
siderations are summarized in Table 5.4. Abnormalities of the
airway have been described but difficult intubation has not
been reported.”” %

A myotonic crisis is a unique complication where the patient
develops marked generalized contracture of skeletal muscles that
can last 2-3 minutes. Spontaneous and controlled ventilation can
be severely compromised.” A myotonic crisis is not relieved by
neuromuscular blockade, peripheral nerve block, regional
anesthesia, or general anesthesia. A generalized and/or localized
contracture should be prevented by prewarming the delivery

room and i.v. fluids, by the use of warming blankets, by strict
avoidance of succinylcholine, by selecting an anesthetic techni-
que that diminishes shivering, and by gentle handling of muscles

Table 5.4 Myotonic dystrophy, pregnancy, and anesthesia:

anesthetic considerations

e Airway
e malocclusion
e temporomandibular dislocation
e Respiratory
e increased sensitivity to respiratory depressant drugs
e decreased cough reflex: potential for pneumonia and atelectasis
e postoperative respiratory failure
e Cardiac
e conduction problems
o dysrhythmia
e Digestive
e aspiration
e Obstetrical
e prolonged labor
e hemorrhage
e more frequent cesarean delivery
e neonatal resuscitation
e Myotonic crisis (see Tables 5.5 and 5.6)

Table 5.5 Myotonic crisis prevention

e Warm:
e patient
e delivery room
e iv. fluids
e Avoid:
e succinylcholine
e shivering
e Handle muscles gently

Table 5.6 Treatment of myotonic crisis

For generalized myotonic contracture:

e procainamide (100 mg/min for a total of 1000 mg i.v. — careful,
if conduction defects exist)

e dantrolene

e phenytoin

For localized myotonic contracture:

e direct injection of local anesthetic into muscle

during surgery (see Table 5.5). Medication for treatment should
be readily available (See Table 5.6). One patient was reported to
develop myotonia after propofol administration.’* Methohexital
and etomidate might be expected to produce similar responses.
Epidural anesthesia is the method of choice for labor analgesia,
forceps delivery, or cesarean section (C/S). Spinal deformities are
very rare in myotonic dystrophy. Spinal anesthesia may be used
although it is relatively contraindicated for C/S if the respiratory
system is severely compromised; combined spinal-epidural (CSE)
anesthesia has been described.”"” Case reports suggest a reduced
respiratory complication rate with regional anesthesia.">*%*"*°

103



2 Musculoskeletal disorders

If regional anesthesia fails, or is contraindicated for other rea-
sons, general anesthesia can be safely administered, keeping in
mind the anesthetic considerations of pregnancy and myotonic
dystrophy. Respiratory-depressant drugs should be used cau-
tiously because of diminished respiratory reserve and possible
central nervous system involvement'*®’ with a preference for
short-acting drugs.”*“” Nondepolarizing neuromuscular block-
ing agents appear to behave normally,”*“’ but the effect of a
small amount of residual muscle weakness, usually not clinically
apparent in normal patients, may cause postoperative respiratory
failure. Some authors’””' suggest that neostigmine may precipi-
tate myotonic crisis, but others®®’* have used it safely and report
anormal response. It may be prudent to use short-acting muscle
relaxants, which do not require antagonism and which have no
residual effects. Malignant hyperthermia is not associated with
myotonic dystrophy.” " 7*7%76

The postoperative period is critical.””"®"? Patients should be
monitored for dysrhythmias and airway obstruction, preferably
in an intensive care unit setting. Physiotherapy should start as
soon as possible; morbidity and mortality are usually due to
respiratory problems like aspiration pneumonia or cardiac fail-
ure. Analgesia is best achieved by regional blockade and/or neur-
axial opioids. Systemic opioids should be administered with
caution.

Other forms of muscular dystrophy (see Table 5.7)

Other forms of muscular dystrophy are all slowly progressive dis-
eases-l,2,!%,]5,22,(5().8(],21] ,82,83,84,85,86,87,88,89 Women Of Chlldbearlng age
usually are not much affected. The exception is limb-girdle muscular
dystrophy where more patients experience exacerbation of the dis-
ease in pregnancy and are at increased risk for C/S secondary to
trunk-muscle weakness. There are very few case reports. As opposed
to myotonic dystrophy, smooth muscle is never involved. Each par-
turient should be treated on an individual basis. Management should
be determined after consultation with a neurologist or an internist.
Pulmonary-function testing should be obtained if significant weak-
ness is present. Antepartum ECG and echocardiography should be
done. Operative delivery is more frequent. Succinylcholine should
always be avoided because of the risks of hyperkalemia and rhab-
domyolysis. Regional anesthesia is preferred when feasible.

Congenital myopathies (see Table 5.8)

Congenital myopathies (or sarcoplasmic myopathies) are a group of
rare diseases characterized by the presence of specific abnormalities
in the muscle biopsy.I.IS.HH,‘)(l,.‘)I,E).”,flﬁ’»,flf\,SIS,SHS.‘)T.‘JH,.‘)H,Hl().I()\,I().",]H."»
Included in this group are: central core, minicore, nemaline, distal,
and centronuclear myopathies. Muscle biopsy is the only way
to make an accurate diagnosis since serum enzymes and electro-
myography (EMG) are usually normal. In most cases a pattern of
inheritance has been defined. The congenital myopathies possess
a number of common characteristics. Profound weakness and
hypotonia are present at birth, but are usually nonprogressive.
Muscle wasting and weakness are associated with secondary
skeletal changes or dysmorphic features. Difficulties with tra-
cheal intubation and regional anesthesia may occur.

104

Succinylcholine is contraindicated as in every primary muscle
disease. There appears to be a normal response to nondepolariz-
ing neuromuscular blocking agents. There is a strong association
between malignant hyperthermia (MH) and central core myopa-
thy supported by clinical and laboratory evidence, including the
proximity of the two genes on chromosome 19.”*7°

King-Denborough syndrome (King syndrome) is a genetically
heterogeneous phenotype that results from various congenital
myopathies.'”* This syndrome is a rare disorder associated with
slowly progressive myopathy, MH, kyphoscoliosis, micrognathia,
malar hypoplasia, and other dysmorphic facial features similar to
Noonan syndrome. These patients do not have cardiac problems,
but severe respiratory compromise may be present secondary to
spinal deformity and progressive myopathy. A case has been
described in a woman who had an outlet forceps delivery under
epidural analgesia. That patient had a tracheotomy and was ven-
tilator dependent.'*”'%°

Disorders of muscle energy metabolism
(metabolic myopathies)

Fatty acids and glucose are the two most important sources of
energy for skeletal muscle. Abnormalities of metabolism can be
associated with rhabdomyolysis, myoglobinuria, and muscle
weakness simulating muscular dystrophy.

Disorders of glycogen storage and glycolytic defects

Disorders of glycogen storage (mainly acid-maltase deficiencies)
may cause muscle weakness and mimic limb-girdle muscular
dystrophy or inflammatory myopathies. Reproductive potential
is low, secondary to early respiratory failure or death during
childhood. If patients become pregnant, demands for metabolic
adjustments usually lead to fetal wastage.'

Disorders of glycolysis, causing exercise intolerance and myo-
globinuria, can be managed with diet and prevention of stress.
Two cases of successful pregnancy in glycogen storage type 1
(Von Gierke) complicated by mild preeclampsia in one, and deliv-
ered by C/S for obstetric reasons in the other, have been
described.'”” Anesthesia was not described and patients had
mainly metabolic imbalance controlled by different diets.

Disorders of lipid metabolism (Table 5.9)

These disorders are classified by the area of mitochondrial meta-
bOliSm SpeCifically affected.1'22'“)“'“)5)'11“'”]"12‘”3'11l’”‘j'll(i'l”'
HB 119120121 gyccessful pregnancies in women with defects of
substrate transport and defects of the respiratory chain have
been described.''”'**'*" Carnitine palmitoyl transferase (CPT)
deficiency is the most frequent disorder observed in this category.
In these patients, it is very important to decrease stress and pain,
and avoid fasting. Early neuraxial analgesia, glucose infusion, and
low-outlet forceps help avoid rhabdomyolysis. Some believe that
CPT deficiency and MH are related, in that both conditions
can cause rhabdomyolysis.''* In providing anesthesia to these
patients, one should consider avoiding triggering drugs and
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2 Musculoskeletal disorders

ensure temperature monitoring. In addition, propofol may be con-
traindicated because of the propofol infusion syndrome (PRIS).
Propofol infusion syndrome, manifested by life-threatening
myocardial failure and metabolic acidosis, was reported first in a
pediatric intensive care unit patient, but more recently in patients
affected with disorders of lipid metabolism. The long-chain tri-
glycerides present in the lipid vehicle of propofol may play a role

22,123

in the development of PRIS."**

Mitochondrial myopathy

Mitochondrial myopathies are rare diseases caused by genetic
defects in the morphology of mitochondria. A maternal mode of
inheritance is characteristic of many mitochondrial diseases,
because mitochondrial DNA is transmitted by the oocyte. Some
forms are very severe and patients are extremely handicapped.
Mitochondrial myopathy is characterized by fixed proximal
weakness with marked exercise intolerance. Rhabdomyolysis is
rare. Skeletal-muscle biopsy is characteristic (ragged red fibers).
Reports of pregnancies with normal progression of labor, epidural
analgesia, and assisted delivery have been described.'”"'*>'?°
Epidural analgesia prevents lactic acidosis during labor and
enables the use of outlet forceps or vacuum for delivery.

Disorders of muscle membrane excitability

These diseases are characterized by myotonia and, as opposed to
myotonic dystrophy, they do not present with significant perma-
nent muscle weakness until late in their course. Myotonia is a
persistent contraction of a muscle observed after cessation of
voluntary contraction.'”” These disorders are amenable to treat-
ment, and with effective preventative measures progressive
weakness can be avoided. Diagnosis is based on clinical history
and confirmed by measuring serum electrolytes during attacks,
by provocative tests or by DNA analysis. Although it is difficult to
interpret caffeine-halothane contracture tests in myotonic
patients, most authors believe that they are not MH suscepti-

ble.'#%129,130.131,132,133 Clinjcal features, prevention, treatment,
anesthetic, and obstetrical problems are summarized in
Table 5] 0.]3 1,135,136,137,138,139,140,141,142,143,144,145

Calcium channel disorders of muscle (hypokalemic
periodic paralysis)

Previously known as dyskalemic periodic paralysis, hypokalemic
periodic paralysis is now classified as a calcium channel disorder
of muscle.

Chloride channel disorders of muscle (= myotonia
congenita = Thomsen disease)

Myotonia congenita is a rare inherited autosomal-dominant dis-
ease. Symptoms may be present from birth, but usually appear
later. This mild, nonprogressive disease is characterized by gen-
eralized, cold-aggravated, painless myotonia, and muscular
hypertrophy. Males are more severely affected than females.
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The main complaint is one of stiffness and the affected individual
may not be aware of the diagnosis.'*® Stiffness on initiating
voluntary movement is relieved by exercise (“warm-up” phe-
nomenon). There is no muscular weakness or involvement of
other organs. Smooth muscle is never affected, thus uterine con-
tractions are normal. Temporary worsening of myotonia can
occur in the second half of pregnancy.*” Treatment is with an
oral lidocaine-like antidysrhythmic agent. Therapy is used fre-
quently because the myotonia is more incapacitating and drug
use is safer in these patients. This is in contrast to myotonic
dystrophy where cardiac involvement limits drug therapy.
Several variants of this condition have been described,'*® includ-
ing the more severe autosomal-recessive form (Becker myotonia).

Epidural, spinal, or general anesthesia can be used safely as
long as precipitation of a myotonic crisis is prevented as
described previously (see Table 5.5) and treatment is readily
available (see Table 5.6) Response to nondepolarizing muscle
relaxants is normal.®’

Sodium channel disorders of muscle (hyperkalemic
periodic paralysis, paramyotonia congenita, and
potassium aggravated myotonia = sodium channel
myotonia)

Paramyotonia congenita is the rarest of the myotonic syndromes.
It is transmitted as an autosomal-dominant characteristic. The
myotonia is termed paradoxical because the muscular stiffness is
exacerbated by exercise.'”” Paramyotonia congenita is a nonpro-
gressive illness and, for most patients, the symptoms are more of
a nuisance than a handicap. As in myotonia congenita, there is a
tendency to muscle hypertrophy. It affects mostly the face, ton-
gue, neck, and hand muscles, and occasionally leg muscles.
Paramyotonia congenita is commonly induced or aggravated by
exposure to cold, or after exercise. Usually, symptoms respond
rapidly to warming but episodes of flaccid paralysis lasting sev-
eral hours after the muscles have rewarmed may occur.
Pretreatment with tocainide prevents or improves the symptoms
in all patients.'”” There appears to be no other organ system
involved. Doubt has arisen as to whether paramyotonia congenita
and hyperkalemic periodic paralysis are separate entities.'*"'”’
There is increasing evidence to suggest that they are allelic dis-
orders, the locus having been traced to chromosome 17.'°' The
predominant feature of paramyotonia congenita is myotonia,
whereas in hyperkalemic periodic paralysis the main clinical
symptom is muscle weakness."** In severely affected women,
symptoms may be worse during pregnancy.'”*'*? A case report
suggested that a cold-induced abdominal wall contraction led to
premature labor and delivery.'”” Subsequently, the same patient
had another pregnancy with a normal delivery and an epidural
without any problem.'** Anesthetic considerations are the same
as for myotonia congenita (see Table 5.10).""

Inflammatory myopathies

Inflammatory myopathies have an autoimmune origin and
can be classified into three groups: dermatomyositis (DM),
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polymyositis (PM) and inclusion-body myositis. Classic diagnostic
criteria are: proximal muscle weakness, elevated muscle enzymes
(50-fold above normal), abnormal EMG findings, muscle biopsy
and, more recently, autoantibody profile, and magnetic reso-
nance imaging.'”®> Myoglobinuria is rarely observed.'*® Steroids
are considered the mainstay of treatment in most cases.
Treatment should be continued during pregnancy in accordance
with disease activity. Immunosuppressive therapy should not be
used unless the mother’s life is at risk. Patients with DM have skin
involvement early in the onset of the disease, but skin changes
may precede or follow muscle involvement. The typical rash and
myositis allow a diagnosis of DM. A flare is an exacerbation or
crisis and is usually less of a problem for patients with DM. The
skin changes include various eruptions, erythema, and dermati-
tis. The classic lilac-colored (heliotrope) rash occurs on eyelids,
bridge of nose, and cheeks (butterfly distribution). Affected
women respond well to therapy and generally recover their mus-
cle strength completely after each relapse. Polymyositis is more
prone to flares without complete recovery of muscle strength.
Inclusion-body myositis responds poorly to treatment and is the
most frequent form of inflammatory myositis in patients over
55 years of age, mainly in men.

Extramuscular manifestations may be present to a varying
degree. Heart involvement is always present with EKG abnorm-
alities (atrial dysrhythmias or conduction abnormalities) and ele-
vated cardiac enzymes, and may lead to congestive heart failure.
Severe dysphagia requires aggressive treatment due to the risk of
pulmonary aspiration. Cricopharyngeal myomectomy may be
required. Neck flexors may be affected. Interstitial lung disease
may be rapidly progressive in up to 10% of patients. Weakness
of the intercostal muscles and diaphragm can contribute to vent-
ilatory insufficiency. Malignancies are increased in patients
with DM. The overlap syndrome describes the association
of an inflammatory myopathy and a connective-tissue disease
(such as scleroderma, rheumatoid arthritis, or systemic lupus
erythematosis). The best described association is DM with
systemic sclerosis,'”” which is associated with poor recovery of
function.

Since the peak incidence of DM occurs between 40 and 60 years
of age, there are only a few reported cases associated with preg-
nancy. Even in patients with controlled disease, fetal outcome
may be adversely affected,'”® but many healthy infants have been
born to mothers with DM.'?® 5916911 Dermatomyositis and
polymyositis may be triggered by pregnancy, but only a small
proportion of patients with the disease show clinical exacerbation
during pregnancy. Pregnancy-induced hypertension and placen-
tal abruption have been described with other connective-tissue
diseases, but not in DM or PM patients.

Monitoring muscle strength during pregnancy is the best way
to assess disease activity. Multidisciplinary consultations should
be obtained, especially to evaluate respiratory muscle involve-
ment, dysphagia, and cardiac abnormalities. Uterine muscle is
unaffected. Extreme weakness could necessitate assisted labor
and delivery, but is not reported.

Anesthetic management for pregnant patients with DM or PM
has not been described. Regional anesthesia seems appropriate
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for labor, especially if muscular weakness is important, and could
be of use if a C/S is needed.

General anesthesia has been described in patients with DM or
PM.'%*!'% Succinylcholine should not be used for rapid sequence
induction, especially in patients with significant muscle necro-
sis.”” Dermatomyositis and polymyositis are rare diseases and
severe hyperkalemia, myoglobinuria, and MH have not been
described.” Responses to nondepolarizing muscle relaxants
seem to be normal.'®” Any residual drug effect for neuromuscular
blockade or analgesia may lead to ventilatory insufficiency and
pulmonary aspiration in severely affected women.

Tumors and masses

Myositis ossificans progressiva

Myositis ossificans progressiva is a rare, autosomal-dominant dis-
ease characterized by extraskeletal ossification involving muscle
connective tissue.'® The disease usually starts in early childhood
and is progressively debilitating. Patients develop diffuse lesions
that may be exacerbated by attempts at excision. Disodium ethane
1-hydroxy-1,1- disphosphate (EHDP) halts the progression of the
disease, but well-formed ossifications do not regress.'®> As the
disease progresses, patients develop severe limitation in chest
motion with the potential for secondary respiratory and cardiac
failure.”” Fertility is reduced and early pregnancy loss is common.
The first reported case of pregnancy associated with myositis ossi-
ficans progressiva was an induced abortion at ten weeks’ gesta-
tion.'®" The only case report of a successful pregnancy described a
C/S performed under local anesthesia and sedation for a 26-week
viable infant.'® Intubation of these patients may be impossible,
even with the use of a fiberoptic bronchoscope, because of a fixed
and flexed position of the neck. Tracheostomy may be difficult
because of extensive calcification of the tracheal rings. Regional
anesthesia depends on the extent of existing kyphoscoliosis.
Anesthetic and obstetrical considerations are summarized in
Table 5.11.

Table 5.11 Myositis ossificans progressiva

Anesthetic Considerations
e Airway:

o difficult intubation (fixed neck and jaw)

e calcification of tracheal rings preventing rapid tracheotomy
e Musculoskeletal:

e kyphoscoliosis
e Respiratory:

e restrictive syndrome secondary to a fixed ribcage
e Obstetrical:

o fixed hip joints

e cesarean delivery

e tissue calcification in the wound




Chapter 5

Summary

Myopathies are diseases of the skeletal muscle cell with intact
innervation. Pregnant women with myopathies have specific
needs depending on the symptoms and severity of their disease.
The potential for anesthetic agents or techniques to induce MH,
hyperkalemia, or myotonic crisis must be assessed in the antena-
tal period. Multidisciplinary consultation early in the pregnancy
is, therefore, the key to a successful outcome.
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PARTURIENTS OF SHORT STATURE

Andrea J. Fuller, Sheila E. Cohen, and Emily F. Ratner

Introduction

Dwarfism is defined as failure to achieve a height of 4 feet 10
inches (148 cm) at adulthood.' Short stature is a clinical entity
that has numerous etiologies. These conditions can be of genetic,
constitutional, or metabolic origin. There are more than 100
different types of dwarfism, none of which is very common. The
most common variety, achondroplasia, occurs in only 0.5 to 1.5 per
10000 live births. “* Two major classifications of dwarfism are
especially useful to the anesthesiologist: (1) patients with short
stature who are proportionate and have normal trunk-to-limb ratio,
and (2) patients who have disproportionate growth and have either
short trunks in relation to their limbs or short limbs in relation to
their trunks. (see Table 6.1).” There are women at the lower extreme
of height in some cultures who would meet the definition of
dwarfism but who have no medical pathology. Their treatment
must be individualized bearing in mind that they may be similar
in some respects to parturients with proportionate dwarfism.

Since the formation of the Little People of America, a society for
people of short stature, and even dedicated online dating services,
much greater opportunity exists for dwarfs to meet, socialize, and
eventually have children. In addition, increased use of assisted
reproductive technology is enabling women of short stature who
were otherwise infertile to achieve pregnancy and even multiple
gestations. As a result, it is likely that more pregnant dwarfs will
present for medical care in the future, often with comorbidities,
high-risk multiple gestation pregnancies,”” and frequent need for
cesarean delivery.

Proportionate short stature

This category of dwarfism refers to those people who have short
stature with proportionate trunk-to-limb length ratio. Individuals
may have proportionate short stature as a result of an endocrine
deficiency, metabolic disorder, or long-standing cardiac, renal,
neurologic, or gastrointestinal disease.” Although some of these
patients are infertile or do not survive long enough to reach child-
bearing age,” those with an endocrinological etiology are fre-
quently capable of becoming pregnant. Two endocrine disorders,
which cause proportionate short stature and may be seen in preg-
nancy, are isolated growth hormone deficiency and Laron dwarfism.

Isolated growth hormone deficiency

Four types of this condition exist. These patients vary in terms
of mode of inheritance (autosomal dominant, autosomal reces-
sive, X-linked) as well as in their degree of hormonal deficiency.’

It is possible for other hormonal deficiencies to be present
in conjunction with human growth hormone (hGH) deficiency
(e.g. decreased levels of luteinizing hormone [LH], follicle stimu-
lating hormone [FSH], thyroid stimulating hormone [TSH], and
adrenocorticotropin  hormone [ACTH] in panhypopituitary
patients), in which case puberty may not occur, making pregnancy
unlikely in these individuals.” The other tropic hormones appear to
be normal in pregnant hGH-deficient patients.”

A common type of isolated growth hormone (GH) deficiency is
seen in ateliotic dwarfs, who carry an autosomal recessive gene.
This gene causes a decrease in hGH production.” Ateliotic dwarfs
are typically of normal weight and length at birth, but over the
next few months of life have a much slower growth rate than
unaffected infants. Their height rarely exceeds 130 cm, the height
of a normal eight-and-a-half year old."' Those who achieve sexual
maturation, known as sexual ateliotics, may not reach puberty
until the late second or third decade of life. In addition to having
short stature, these individuals have soft, prematurely wrinkled
skin, high-pitched voices, and may have mild micrognathia.
Some patients also lack a normal lumbar lordosis."*

Isolated GH deficiency is not usually diagnosed by random
blood samples of hGH alone, because these levels are normally
low throughout most of the day. Provocative tests are more fre-
quently used, including measurement of hGH after stimulation by
exercise, L-dopa, insulin, arginine, clonidine, glucagon, or a com-
bination of these.” Some GH-deficient dwarfs have abnormal glu-
cose metabolism or responses to insulin, with glycosuria in early
gestation progressing later to gestational diabetes.' These patients
should be thoroughly investigated in the antenatal period to detect
and control any glucose perturbations during pregnancy.

Laron dwarfism

This is an autosomal recessive disorder, which is clinically very
similar to isolated GH deficiency. However, Laron dwarfs have
increased release but resistance to GH, very low serum levels of
insulin-like growth factor (IGF-I), and an abnormal GH recep-
tor."” In addition to having a normally proportioned trunk and
extremities, these individuals may have frontal bossing, saddle
nose, acromicria (hypoplasia of the extremities of the skeleton —
the nose, jaws, fingers, and toes),'" a high-pitched voice, and slow
and sparse hair growth.'”

Effects of pregnancy

The normal physiologic changes of pregnancy can have serious
implications for maternal health in proportionate dwarfs with the
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Table 6.1 Classification of dwarfism

1. Proportionate short stature
A. Endocrine etiology
1. Isolated growth hormone deficiency
2. Laron dwarfism
B. Constitutional
C. Chronic disease states
II. Disproportionate short stature
A. Osteochondrodysplasias — abnormalities of cartilage -+/— bone
growth and development
. Achondroplasia
. Pseudoachondroplasia
. Spondyloepiphyseal dysplasia congenita
. Spondyloepiphyseal dysplasia tarda
. Spondylometaphyseal dysplasia
. Diastrophic dwarfism

N OO ok WD

. Osteogenesis imperfecta
B. Primary metabolic abnormalities
1. Calcium derangements
2. Phosphorous derangements
3. Complex carbohydrate derangements

Table 6.2 Vertical and horizontal abdominal measurements in

nonpregnant individuals (cm)

SED &
Achondroplasia  Ateliotic  Diastrophic ~ Normal
Xiphoid to 29 25 24 33
Symphysis
Intercristal 21 24 25 30

SED = Spondyloepiphyseal dysplasia

Reprinted with permission from Tyson, J. E., Barnes, A. C., McKusick,
V.A. et al. Obstetric and gynecologic considerations of dwarfism.
Am. J. Obstet. Gynecol. 1970; 108: 688-703.

most concerning cardiorespiratory embarrassment. The abdom-
inal dimensions of these patients are markedly smaller than their
normal-sized counterparts. For example, the average distance
in nongravid individuals from xiphoid to symphysis is significantly
less in ateliotic dwarfs than in normal-sized patients (see Table 6.2).
The uterus therefore becomes an intra-abdominal organ earlier in
gestation (see Figure 6.1). These factors may cause significant
mechanical diaphragmatic dysfunction and greater aortocaval
compression. The decrease in functional residual capacity (FRC)
that normally occurs during pregnancy causes additional respira-
tory compromise.”” Pregnant dwarfs may suffer from decreased
vital capacity, hypoxia, and acidosis, and develop tachypnea and
tachycardia in order to compensate for these physiologic derange-
ments. Deterioration of pulmonary status may warrant immediate
delivery of the fetus in order to improve maternal condition.’
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Figure 6.1 Patient L.L. An ateliotic dwarf in the 28th week of gestation.
Reprinted with permission from C.V. Mosby Co. from Tyson, J. E., Barnes, A.C.,
McKusick, V. A. et al. Obstetric and gynecologic considerations of dwarfism.
Am. J. Obstet. Gynecol. 1970; 108: 688-703.

Some authors believe that almost all pregnant patients of short
stature should be delivered by cesarean section (C/S).'" Others
report ateliotic patients who have had successful vaginal deliver-
ies but no details are available." The pelvic diameters of such
patients are typically smaller than those of parturients of normal
stature and are frequently only sufficient for delivery of a prema-
ture infant." Cesarean section is thus performed frequently for
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cephalopelvic disproportion as well as to relieve maternal cardio-
pulmonary embarrassment.

Other complications of pregnancy include higher than normal
rates of spontaneous abortion, stillbirth, and premature delivery.'
It is unclear whether these complications result from a mechan-
ical, genetic, or hormonal problem; however, premature delivery
is more likely when maternal respiratory embarrassment is pre-
sent.' It has been suggested that preterm delivery'® may be due to
some unknown physiological actions of G